
CO NJUGATE S OF SOLUBLE PEPTIDtC COMPOUNDS WTTH MEMBRANE-BINDING AGENTS 
^f^S^ — ^^^This invention relates to polypeptiile derivatives, their nse in ibawpy and methods 
and intcziBediaics for their pnoductian. 

Euentsally all protein diugs an adminiaieied as solutions and function in vivo in 
5 the Boiution phase. In biochemistry and phamiacoiogy. however, a large number of 
control and mediator proteins aic assodited with or functicm within or on the plasma 
membranes of cells. Except for solufate^ tnmcated veiaions of one class of theie 
molecules, no memhrane-tssociaied proteins have been developed aa thenpentic agents. 
There aic two main reasons for this situation^ Hrstly. ovetexpression of proteins that arc 
10 retained in the membrsnes of the producer cells is limited by the the low c^iadty of 
membranes for proicins and often by the toxic efFccts of leccntion when expiesstbn is 
intrinsically effideni. Secondly, extrsction of tltese proteins &am memfaranes requires 
detergents or orgaiuc solvents, often results in inactivotion of the protein, leads to 
difQcultiea in achieving the high purity needed fording use and usually ^ves a product 
IS which is hard to fonrnriate for intravenous administration. In addition, retention of very 
hydrophobic membrane anchoring elements may cause protciiis to associate snoogly with 
Upid-binding proteins in blood when administeied intravenously thus preventing access 
to cell membranes. 

Soluble, truncated versions of membiane-associai&d proteins oveictmie the 
20 production difficulties associated with full length proteins. However such tn^ncated 
molecules lade the membrane binding capability snd specificity of the till length 
proteins wbsch pro p erties may be advantageous or even essential to the desired 
thcEapeotic activity. 

The moin classes of interaction of proteins with memhmes can be sutnmarised as 

25 follows: 

1. Direct and specific interactions with phospboUpid bead groups or with 
other hydrophilic regions of complex lipids or indirectly with proteins aheady insetted in 
the membrane. The latter may include all the types of intrinsic membrane protein noted 
below and such interactions are usnally wdth extracellular domains or sequence loops of 

30 the membrane proteins; 

2. Through anchoring by a single hydrophobic transmembrane helical region 
near the teminos of the proiein. These regions commonly present a hydrophobic face 
around the entire ciicumference of the helix cylinder and transfer of this structure to the 
hydrophilic environment of bulk water is energetically unfavourable. 

as 3. Further anchoring is often provided by a short sequence of generally 

catxooic aminoscids at the cytoplasnuc side of the membrane, C-terminal to the 
tiansmemhrane helix; 



4. Through the use of multiple (nonnaUy 2-12 and commonly 4,7 and 10) 
transmembrane regions which aie usually piedicted to be helical or near-helical. 
Although these regions arc nonnally hydrophobic overall, they frequently show some 
amphipathic behaviour - an outer hydrophobic face and an inner more hydrophilic one 
being identifiable within a helix bundle located in the lipid bilayer; 

5. Through postranslationally linked phosphatidyl inositol moeities (GPI- 
anchors). Tliese are generated by a specific biosynthetic pathway which recognises and 
removes a specific stretch of C-tenninal aminoacids and creates a membrane-associating 
diacyl glycerol unit linked via a hydrophilic carbohydrate spacer to the polypeptide; 

6. In a related process, single fatty acid groups such as myristoyl, palmitoyl 
or prenyl may be attached postranslationally to one or more sites in a protein (usually at 
N- or C-tennini). Again, amino acids (such as the C-terminal CAAX box in /Zoj proteins) 
may be removed. 

Artificial membranes are considered to be lipid complexes that mimic the basic 
properties of the cell membrane, i.e., a lipid vacuole with an aqueous interior and a 
surface chemistry that resembles the cell membrane. The artificial membrane typically 
contains phospholipids or mimics thereof and may be unilemellar or bilemellar and the 
outer surface will contain charged groups similar to the choline groups of the most 
abundant phospholipid. The prototype anificial membrane is known as a liposome and 
the technologies for the construction of liposomes including the incorporation of 
therapeutically useful agents into them is well known to those in the art Liposomes 
have been evaluated in a number of disease states and liposomes containing the anti- 
fungal Amphotericin are commercially available. In addition, proteoliposomes have 
been described. For example, the use of immunoliposomes encapsulating amphotericin 
B has been reported to be of benefit in the treatment of experimental fungal infections in 
animal models (e.g. Hospenthal, D. et al (1989) J. Med. Microbiol. 30 193-197; 
Dromer, F. et al (1990) Antimicrob. Agents Chemother. 34 2055-2060). 

Mimics of natural or artificial membranes are often related in structure and will 
mimic one or more properties of the membrane. One such example is the provision of 
an artificial surface having pendant groups which mimic the phospholipid zwitterionic 
groups which are found on the outside of cell surfaces. For example WO92/067I9 
(Biocompatibles Limited) discloses natural and synthetic phospholipids which may be 
coated on an artificial surface, e.g. a device which, in use, will come into contact with 
protein-containing or biological fluids, to provide improved biocompatibility and 
haemocompatibility and WO 94/16749 discloses additional zwitterionic groups that may 
be used to improve biocompatibility in a similar way. 



The present invention provides a soluble derivative of a soluble polypeptide, 
said derivative comprising two or more heterologous membrane binding elements with 
low membrane affinity covalently associated with the polypeptide which elements are 
capable of interacting* independently and with thermodynamic additivity^ with 
5 components of cellular or artificial membranes exposed to extracellular fluids. 

By lieterologous* is meant that the elements are not found in the native full 
length protein from which a soluble protein may be derived. 

By 'soluble polypeptide' is meant a truncated derivative of a full length 
protein which lacks its natural membrane binding capability, and/or a polypeptide which 
10 has a solubility level in aqueous media of > lOO^g/ml. 

By 'membrane binding element with low membrane af fmity' is meant that the 
element has only moderate af fmity for membranes, that is a dissociation constant greater 
than 0.1 pM, preferably lp.M-lmM. The elements preferably have a size <5kDa, 

The derivative should incorporate sufficient elements with low affmities for 
15 membrane components to result in a derivative with a high (preferably 0.01 - lOnM 
dissociation constant) affinity for specific membranes. The elements combine so as to 
create an overall high afHnity for the particular target membrane but the combination 
lacks such high affinity for other proteins for which single elements may be (low- 
affinity) ligands. 

20 The elements should be chosen so as to retain useful solubility in pharmaceutial 

formulation media, preferably >lQOfig/mL Preferably at least one element is 
hydrophilic. 

The invention thus promotes localisation of a therapeutic protein at cellular 
membranes and thereby provides one or more of several biologically significant effects 
25 with potential therapeutic advantages including: 

Potency: If the protein is a receptor and an agonist or antagonist activity is 
localised on the same surface as the receptor itself, an increase in effective concentration 
may result from the reduction in the diffusional degrees of freedom. 

Pharmacokinetics and dosing frequency: Interaction of a derivatised protein 
30 with long-lived cell types or serum proteins would be expected to prolong the plasma 
residence time of the protein and produce a depot effect through deposition on cell 
surfaces. 

Specificity: Many clinically important pathological processes are associated 
with specific cell types and tissues (for example the vascular endothelium and the 
35 recruitment thereto of neutrophils bearing the sialyl Lewis ' antigen to ELAM-1 , see 
below). Hence targeting the modified protein to regions of membrane containing 
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pathology-associated membrane marlcers may improve the therapeutic ratio of the protein 
targeted. 

The derivatives of the invention may be used in association with artificial 
membranes or mimics thereof to allow delivery of the therapeutic protein to sites where 
5 it will provide therapeutic benefit For example, polypeptides associated with liposomes 
formed by contacting liposomes with a derivative of the invention may be more stable 
than the firee polypeptide. The liposome may incorporate a therapeutic agent for example 
an antiflanmiatory or cytotoxic agent The polypeptide derivative of the invention may 
thus be used to target the therapeudc agent When the polypeptide is itself a therapeutic 

10 agent the liposome incorporated therapeutic agent may be used to enhance further the 
efficacy or tolerability of the therapy. 

Association of derivatives of the invention with mimics of cell membranes may 
be used to concentrate the therapeutic protein at sites where therapeutically useful 
concenu-ations of underivatised protein might be difficult to achieve. For example, 

15 indwelling medical devices coated with mimics of the phospholipid zwitterionic groups 
which are found on the outside of cell surfaces, such as those disclosed in WO92y06719 
and WO 94/16749, may be additionally ueated with derivatives of the invention. For 
example complement inhibitors derivatised in accordance with the invention could be 
incorporated into the outer surface of indwelling catheters or hip replacements or heart 

20 valves in order to minimise development of inflammation associated with these 
operations. 

It will be appreciated that all associations of heterologous amino acid sequences 
with a polypeptide which is a soluble derivative of a human protein will need to be 
assessed for potential immunogenicity, particularly where the amino acid sequence is not 
25 derived from a human protein. The problem can be minimised by using sequences as 
close as possible to known human ones and through computation of secondary structure 
and antigenicity indices. 

Examples of protein therapeutic agents which may be modified according to the 
invention include but are not restricted to the following: 
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Base Protein 


Ccn Target 


Therapeutic Application 


IL^ Y124D mutein 


B-cells 


Anti-allergy 
(Ey>4 antaj^onist) 


Plasminogen activators 
e.g. PFourokinase, 
streptokinase, tissue-type 
plasminogen activator, 
leteplase 


Erythrocytes, 
vascular endothelium 


Prevention of venous 
thrombosis 


Leptin 


Choroid plexus. 
Hypothalamus 


Weight loss (agonist) 


Complement inhibitors* 


Vascular endothelium. 
Myocytes, 
Erythrocytes, 
Lymphocytes 


Ischaemic injury, 

transplantation, 

inflammation 


scFv antibody against 
cytokines (IL-l. IL-, IL-5, 
IL-6) 


Eosinophils 


Asthma, 
allergic disease 


Pioiein C 


Vascular endotheUum 


Prevention of venous 
thrombosis 


Antibodies against CD4, 
B7/CD28, CD3/rCR. 
CDllb(CR3) 


Lymphocytes 


Immunosuppression 


Interferon- p and 
derivatives 


Lymphocytes 


Immunomodulatioa. 
multiple sclerosis 



•Complement regulatory proteins e.g.: CRl (CD35); DAF(CD55); MCP 
(CD46); CD59; Factor H; and C4 binding protein; and hybrids or muteins thereof such 
as CR1-CD59 (S.G.El Feki and D.T.Fearon Molecular Immunology 33 (supp 1). p 57, 
1996). MCP-DAF (PJJliggins etal, J.Immunology. 158, 2872-2881.1997) and soluble 
CRl polypeptide fragments. 

The derivative preferably comprises two to eight, more preferably two to four 
membrane binding elements. 

Membrane binding elements are preferably selected from: fatty acid derivatives 
such as fatty acyl groups; basic amino acid sequences; ligands of known integral 
membrane proteins; sequences derived from the complementarity-determining region of 
monoclonal antibodies raised against epitopes of membrane proteins; membrane binding 
sequences identified through screening of random chemical or peptide libraries. 

The selection of suitable combination of membrane binding elements will be 
guided by the nature of the target cell membrane or components thereof. 
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Suitable fatty acid derivatives include myristoyl (12 methylene units) which is 
insufficiently large or hydrophobic to permit high affinity binding to membranes. 
Studies with myristoylated peptides (eg R.M.Peit2Sch 8l S.McLaughlin. Biochemistry. 
32, 10436-10443, 1993)) have shown that they have effective dissociation constants with 

5 model lipid systems of -10~^ M and around 10 of the 12 methylene groups are buried in 
\ the lipid bilayer.[Thus, aliphatic ^yl groups with about S to 18 methylene units. 
^ preferably 10-14, are suitable membrane binding eiemeng^^OlheT examples of suitable 
fatty acid derivatives include long-chain (8-18, preferably 10-14 methylene) aliphatic 
amines and thiols, steroid and famesyl derivatives. 

10^."^ Kjkmbrane binding has been found to be associated with limited (single-site) 
'-'Tj?¥/fn^^ with fatty acyl groups when combined with a cluster^ofbasi c aminoacids in 

^ the protein stcquence which may interact with acidic phospholipid head groups and 

provide the aoditional energy to target membrane bin<Ung. This combination of effecte 
has been termeoUhe 'myristoyl-electrostatic switch' (S.McLaughlin and A.Aderem, TIBS, 

15 20,272-276, 1994; J.F.Hancock et aU Cell. 63. 133-139,1990). Thus, a further example 
of suitable membraif^ binding elements are basic aminoacid sequences such as those 
found in proteins suck as Has and M ARCfCS (myristoylated alanine-rich C-idnase 
substrate, P.J. Blackshear, J. Biol. Chem.. 268, 1501-1504, 1993) which mediate the 
electrostatic 'switch* throQ£h reversible phosphorylation of serine residues within the 

20 sequence and a concomitanlneutralisation of the net positive charge. Such sequences 
include but are not restricted to consecutive sequences of Lysine and Arginine such as 
(Lys)n where n is from 3 to 10^p^eierab^y4 to 7. 
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Suitable examples of 

i) DGPKKKKKKSPS 

ii) GSSKSPSKKKKIC 

iii) SPSNETPKKKKKRFSJ^KSG 

iv) DGPKKKKKKSPSKSSIC 
V) SKDGKKKKKKSKTK 
(N-terminus on left) 




acid sequences comprising basic amino acids include: 



30 




Sequences i) to v) are examples of electrostatic swixh sequences. 
Examples of amino acOd sequences derived from ligands of known integral 
membrane proteins include RGD-containing peptides such as GRGDSP which are 
ligands for the cc^, integrin of Human platelet membranes. Another example is 
DGPSEILRGDFSS derived from Ituman fibrinogen alpha chain, which binds to the 

35 GpUb/IIIa membrane protein in playlets. 

Further examples of such sequels include those known to be involved in 
interactions between membrane proteins such as receptors and the major 
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stoconapatibilicy complex. An eibmple of such a membrane protein iigand is the 
sequence GNEQSFRVDLRTLLRrA which has been shown lo bind to the major 
histocompatibility complex class 1 protein (MHC-1) with moderate affinity (L.Olsson et 

al, Proc. Natl .Acad.Sci.USA. 91, 908^-909. 1994). . 

Yet further examples of Isuch sequences employ a membrane insertive address 
specific for T-cells. Such sequence is derived from the known interaction of the 
transmembrane helix of the T-<:ell\antigen receptor with CD3 (Nature Medicine 3, 84- 
88,1997). Examples are peptides containing the sequence GFRILLLKV such as: 
SAAPSSGFRILLLKV \ 

A APSVIGFRILLLKVAG \ ^ 

An example of a ligand for an integral membrane protein is the carbohydrate 
Ugand Sialyl Lewis' which has been identified as a ligand for the integral membrane 
protein ELAM-1 (M.L.Phillips et al Science, 250, 1 130-1 132, 1990 & G.Waiz et al, 
/WJ, 250. 1132-1135,1990). 

Sequences derived from the complementarity-determining regions of monoclonal 
antibodies raised against epitopes within membrane proteins (see, for example, 
J.W.Smith et al, J.Biol.Chem. 270, 30486-30490, 1995) are also suitable membrane 
binding elements, as are binding sequences from random chemical libraries such as those 
generated in a phage display format and selected by biopanning operations in vitro 
(G.F.Smith and J.K.Scotl. Methods in Enzymology. 217H, 228-257.1993) or in vivo 
(R.Pasqualini & E.Ruosiahti, Nature. 380. 364-366. 1996). 

(Optionally, conditional dissociation from the membrane may be incorporated 
into derivatives of the invention using mechanisms such as pH sensitivity (electrostatic 
switches), regulation through metal ion binding (using endogenous Ca'*, Zn^* and 
incorporation of ion binding sites in membrane binding elements) and protease cleavage 
(e.g plasminolysis of lysine-rich membrane binding sequences to release and activate 
prourokinase) 

Preferred derivatives of this invention have the following structure: 
IPl-{MW])n-X 

in which: 

P is the soluble polypeptide. 

each L is independently a flexible linker group. 

each W is independently a peptidic membrane binding element, 

n is an integer of 1 or more and 

X is a peptidic or non-peptidic membrane-binding entity which may be covalently 
linked to any W. 



Peptidic membrane binding elements are preferably 8 to 20 amino acids long and 
elements W are preferably located sequeniially either at the N or C terminus of the 
soluble polypeptide. The amino add sequences are linked to one another and to the 
soluble peptide by linker groups which are preferably selected fiom hydrophilic and/or 
5 flexible aminoacid sequences of 4 to 20 aminoadds; linear hydrophilic synthetic 
polymers; and chemical bridging groups. 

Peptide linkages may be made chemically or biosynthetically by expression of 
appropriate coding DNA sequences. Non peptide linkages may be made chemically or 
enzymatically by post-translational modification. 

10 The polypeptide portion of the derivatives of the invention may be prepared by 

expression in suitable hosts of modified genes encoding the soluble polypeptide of 
interest plus one or more peptidic membrane binding elements and optional residues such 
as cysteine to introduce linking groups to fadlitate post transiational derivatisation with 
additional membrane binding elements. 

15 In a further aspect, therefore, the invention provides a process for preparing a 

derivative according to the invention which process comprises expressing DNA encoding 
the polypeptide portion of said derivative in a recombinant host cell and recovering the 
product and thereafter post translationally modifying the polypeptide to chemically 
introduce membrane binding elements. 

20 In particular, the recombinant aspect of the process may comprise the steps of: 

i) preparing a replicable expression vector capable, in a host cell, of 
expressing a DNA polymer comprising a nucleotide sequence that encodes said 
polypeptide portion; 

ii) transforming a host cell with said vector; 

25 tii) culduing said transformed host cell under conditions permitting 

expression of said DNA polymer to produce said polypeptide; and 
iv) recovering said polypeptide. 

Where the polypeptide portion is novel, the DNA polymer comprising a 
nucleotide sequence that encodes the polypeptide portion as well as the polypeptide 
30 portion itself and S-derivatives thereof, also form part of the invention. In particular the 
invention provides a polypeptide portion of a derivative of the invention comprising the 
soluble peptide linked by a peptide bond to one peptidic membrane binding element 
and/or including a C-terminal cysteine, and DNA polymers encoding the polypeptide 
portion. 

35 The recombinant process of the invention may be performed by conventional 

recombinant techniques such as described in Sambrook et al„ Molecular Cloning : A 
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laboratory manual 2nd Edition. Cold Spring Hartwr Laboratory Press (1989) and DNA 
Cloning vols I. D and in (D. M. Glover ed., IRL Press Ltd). 

The invention also provides a process for preparing the DNA polymer by the 
condensation of appropriate mono-» di- or oligomehc nucleotide units. 

The preparation may be carried out chemically* enzymatically, or by a 
combination of the two methods, in vitro or in vivo as appropriate. Thus, the DNA 
polymer may be prepared by the enzymatic ligation of appropriate DNA fragments, by 
conventional methods such as those described by D. M. Roberts ^tal,, in Biochemistry 
1985, 24» 5090-5098. 

The DNA fragments may be obtained by digestion of DNA containing the 
required sequences of nucleotides with appropriate restriction enzymes, by chemical 
synthesis, by enzymatic polymerisation, or by a combination of these methods. 

Digestion with restriction enzymes may be performed in an appropriate buffer at 
a temperature of 20''-70*'C. generally in a volume of 50^1 or less with 0. l-10^lg DNA. 

Enzymatic polymerisation of DNA may be carried out in vitro using a DNA 
polymerase such as DNA polymerase 1 (IClenow fragment) in an appropriate buffer 
containing the nucleoside triphosphates d ATP, dCTP. dGTP and dTTP as required at a 
temperature of 10"-37°C, generally in a volume of 50^1 or less. 

Enzymatic ligation of DNA fragments may be earned out using a DNA ligase 
such as T4 DNA ligase in an appropriate buffer at a temperature of 4**C to 37**C. 
generally in a volume of SO|il or less. 

The chemical synthesis of the DNA polymer or fragments may be carried out by 
conventional phosphotriester. phosphite or phosphoramidite chemistry, using solid phase 
techniques such as those described In Chemical and Enzymatic Synthesis of Gene 
Fragments - A Laboratory Manual* (ed. H.G. Gassen and A. Lang). Verlag Chemie. 
Weinheim (1982). or in other scientific publications, for example M J.Gait. H.W.D. 
Matlhes M. Singh. B.S. Sproat and R.C. Tiimas. Nucleic Acids Research. 1982, Ifi. 
6243; B.S. Sproat and W. Bannwarth, Tetrahedron Letters, 1983. 24, 5771; M.D. 
Matteucci and M.H. Canithers. Tetrahedron Letters. 1980. 21. 719; M.D. Matteucci and 
M.H. Carulhers, Journal of the American Chemical Society. 1981, 3185; S.P. 
Adams et al„ Journal of the American Chemical Society. 1983. IQ5. 661 ; N JD. Sinha. J. 
Biemat, J. McMannus and H. Koester, Nucleic Acids Research. 1984, 12, 4539; and 
H.W.D. Matthes et ai., EMBO Journal, 1984, 2. 801. Preferably an automated DNA 
synthesiser (for example. Applied Biosystems 381 A Synthesiser) is employed. 

The DNA polymer is preferably prepared by ligating two or more DNA 
molecules which together comprise a DNA sequence encoding the polypeptide. 



The DN A molecules may be obtained by the digestion with suitable restriction 
enzymes of vectors carrying the required coding sequences. 

The precise structure of tlie DNA molecules and the way in which they are 
obtained depends upon the structure of the desired product The design of a suitable 
5 strategy for the construction of the DNA molecule coding for the polypeptide is a routine 
matter for the skilled woricer in the art 

In particular, consideration may be given to the codon usage of the particular host 
cell. The codons may be optimised for high level expression in E. colt using the 
principles set out in Devereux et ai„ (1984) Nucl. Acid Res., 12, 387. 
10 The expression of the DNA polymer encoding the polypeptide in a recombinant 

host cell may be carried out by means of a replicable expression vector capable, in the 
host cell, of expressing the DNA polymer. Novel expression vectors also form part of 
the invention. 

The replicable expression vector may be prepared in accordance with the 
15 invention, by cleaving a vector compatible with the host cell to provide a linear DNA 
segment having an intact replicon, and combining said linear segment with one or more 
DNA molecules which, together with said linear segment, encode the polypeptide, under 
ligating conditions: 

The ligation of the linear segment and more than one DNA molecule may be 
20 carried out simultaneously or sequentially as desired. 

Thus, the DNA polymer may be prefoimed or formed during the construction of 
the vector, as desired. The choice of vector will be determined in part by the host cell, 
which may be prolcaryotic, such as E, coli, or eukaryotic. such as mouse C 127, mouse 
myeloma, Chinese hamster ovary, fungi e.g. filamentous fungi or unicellular 'yea&V or an 
25 insect cell such as Drosophila. The host cell may also be in a transgenic animal. 
Suitable vectors include plasmlds, bacteriophages, cosmids and recombinant viruses 
derived from, for example, baculoviruses or vaccinia. 

The DNA polymer may be assembled into vectors designed for isolation of stable 
transformed mammalian cell lines expressing the fragment e.g. bovine papillomavims 
30 vectors in mouse CI 27 cells, or amplified vectors in Chinese hamster ovary cells (DNA 
Qoning Vol. 11 D,M. Glover ed. IRL Press 1985; Kaufman, RJ. et al» Molecular and 
Cellular Biology 5, 1750-1759, 1985; Pavlakis G.N. and Hamcr. D.H. Proceedings of 
the National Academy of Sciences (USA) 80. 397-401, 1983; Goeddel, D.V. et 
o/..European Patent Application No. 0093619, 1983). 
35 The preparation of the replicable expression vector may be carried out 

conventionally with appropriate enzymes for restriction, polymerisation and ligation of 
the DNA, by procedures described in, for example. Sambrook er a/.,cited above. 
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Polymerisation and ligation may be performed as described above for the preparation of 
the DNA polymer. Digestion with restriction enzymes may be performed in an 
appropriate buffer at a temperature of 20"-70**C, generally in a volume of 50^1 or less 
with O.MOKLg DNA. 

5 The recombinant host cell is prepared, in accordance with the invention, by 

transforming a host cell with a repUcable expression vector of the invention under 
transforming conditions. Suitable transforming conditiotis are conventional and are 
described in. for example, Sambrook « al„ cited above, or "DNA Cloning" Vol. n, D.M. 
Glover ed., IRL Press Ltd, 1985. 

10 The choice of transforming conditions is determined by the host cell. Thus, a 

bacterial host such as E.coU, may be treated with a solution of CaCl2 (Cohen et al.^Proc, 
Nat Acad. Sci., 1973, 21 10) or with a solution comprising a mixture of RbCL 
MnCl2, potassium acetate and glycerol, and then with 3-[N-morpholino]-propane- 
sulphonic acid, RbCl and glycerol or by electroporation as for example described by Bio- 

15 Rad Laboratories, Richmond, California, USA, manufacturers of an electroporator. 

Mammalian cells in culture may be transformed by calcium co-precipitation of the vector 
DNA onto the cells or by using cationic liposomes. 

The invention also extends to a host cell transformed with a replicable expression 
vector of the invention. 

20 Culturing the transformed host cell under conditions permitting expression of the 

DNA polymer is carried out conventionally, as described in, for example, Sambrook et 
aL and "DNA Cloning" cited above. Thus, preferably the cell is supplied with nuuient 
and cultured at a temperature below 4S'*C. 

The protein product is recovered by conventional methods according to the host 

25 cell. Thus, where the host cell is bacterial such as £. coli and the protein is expressed 
intracellularly, it may be lysed physically, chemically or enzymatically and the protein 
produa isolated from the resulting lysate. Where the host cell is mammalian, the product 
is usually isolated from the nutrient medium. 

Where the host cell is bacterial, such as E. coli, the product obtained from the 

30 culture may require folding for optimum functional activity. This is most likely if the 
protein is expressed as inclusion bodies. There are a number of aspects of the isolation 
and folding process that are regarded as important In particular, the polypeptide is 
preferably partially purified before folding, in order to minimise foimation of aggregates 
with contaminating proteins and minimise misfolding of the polypeptide. Thus, the 

35 removal of contaminating £. coli proteins by specifically isolating the inclusion bodies 
and the subsequent additional purification prior to folding are importxuit aspects of the 
procedure. 
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The folding process is carried out in such a way as to minimise aggregation of 
intermediate-folded states of the polypeptide. Thus, careful consideration needs to be 
given to. among others, the salt type and concentration, temperature, protein 
concentration, redox buffer concentrations and duration of folding. The exact condition 
5 for any given polypeptide generally cannot be predicted and must be detennined by 
experimenL 

There are numerous methods available for the folding of proteins from inclusion 
bodies and these are known to the skilled worker in this field. The methods genei^lly 
involve breaking all the disulphide bonds in the inclusion body, for example with 50mM 

10 2-mercaptoethanol, in the presence of a high concentration of denaturant such as 8M urea 
or 6M guanidine hydrochloride. The next step is to remove these agents to allow folding 
of the proteins to occur. Formation of the disulphide bridges requires an oxidising 
environment and this may be provided in a number of ways, for example by air. or by 
incorporating a suitable redox system, for example a mixture of reduced and oxidised 

15 glutathione. 

Preferably, the inclusion body is solubilised using 8M urea, in the presence of 
mercaptoethanoU and protein is folded, after initial removal of contaminating proteins, 
by addition of cold buffer. Suitable buffers may be identified using the techniques 
described in I.Dodd et al» "Perspectives in Protein Engineering and Complementary 

20 Technologies' . Mayflower PubUcations, 66-69, 1995. A suitable buffer for many of the 
SCR constructs described herein is 20mM ethanolamine containing ImM reduced 
glutathione and O.SmM oxidised glutathione. The folding is preferably carried out at a 
temperature in the range 1 to 5^ over a period of 1 to 4 days. 

If any precipitation or aggregation is observed, the aggregated protein can be 

25 removed in a number of ways, for example by centrifugation or by treatment with 

piecipitants such as ammonium sulphate. Where either of these procedures are adopted, 
monomeric polypeptide is the major soluble product 

If the bacterial cell secretes the protein, folding is not usually necessary. 
The polypeptide portion of the derivative of the invention may include a C- 

30 terminal cysteine to facilitate post translational modification. A soluble polypeptide 
including a C-terminal cysteine also forms part of the invention. Expression in a 
bacterial system is preferred for proteins of moderate size (up to -TOkDa) and with <»8 
disulphide bridges. More complex proteins for which a free terminal Cys could cause 
refolding or stability problems may require stable expression in mammalian cell lines 

35 (especially CHO). This will also be needed if a carbohydrate membrane binding element 
is to be inut>duced post-translationally. The use of insect cells infected with recombinant 
baculovirus encoding the polypeptide portion is also a useful general method for 
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preparing mare complex proteins and will be preferred when it is desired to carry out 
certain post-translational processes (such as palmitoylation) biosynthetically (see for 
example. MlPage « a/ J.Biol.Chem. 264, 19147-19154. 1989) 

A preferred method of handling proteins C-terminally derivatised with cysteine is 
5 as a mixed disulphide with merc^toethanol or glutathione or as the 2-nitro, 5- 
carhoxyphenyl thio- derivative as generally described below in Methods. 

Peptide membrane binding elements may be prepared using standard solid state 
synthesis such as the Mernfield method and this method can be adapted to incorporate 
required non-peptide membrane binding elements such as N-acyl groups derived from 
10 myristic or palmitic adds at the N terminus of the peptide. In addition activation of an 
amino acid residue for subsequent linkage to a protein can be achieved during chemical 
synthesis of such membrane binding elements. Examples of such activations include 
formation of the mixed 2-pyridyl disulphide with a cysteine thiol or incorporation of an 
N-haloacetyl group. Both of these groups are capable of reaction with free thiols, 
15 through disulphide interchange and alkylation, respectively. Peptides can optionally be 
iE prepared as the C-terminal amide and/or with a conventional N-ierminal blocking group 

==M such as acetyl. 

The invention also provides a peptidic membrane binding element comprising 
; J one or more derivatisations selected from: 

20 a terminal cysteine residue optionally activated at the thiol group; 

N an N-haloacetyl group (where halo signifies chlorine, bromine or iodine) located 

at the N-terminus of the the peptide or at an E-amino group of a lysine residue; 
Sj an amide group at the C-terminus; 

□ an N-terminal blocking group; and 

25 a fatty acid N-acyl group at the N-terminus or at an e-amino group of a lysine 

residue. 

Chemical bridging groups and reagents suitable for their formation include those 
described in EP0109653, EP0152736. EP0155388 and EP0284413, incorporated herein 
by reference. The bridging group is generally of the fomula: 

30 -A-R-B- a) 

in which each of A and B. which may be the same or different, represents -CO-, 
-C(=NH2"*')-, maleimido. -S- or a bond and R is a bond or a linking group containing one 
or more -(CH2)- or meta-, ortho- or para- disubstituted phenyl units, preferably ortho or 
para, optionally together with a hydrophilic portion. 

35 Where the polypeptide portion of the derivative of the invention and a peptidic 

membrane binding element both include a C-terminal cysteine the chemical bridging 
group will take die form -S-S-. The bridge is generated by conventional disulphide 
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exchange chemistry, by activating a thiol on one polypeptide and reacting the activated 
thiol with a free thiol n the other polypeptide. Such activation procedures make use of 
di&ulphides which f rm stable thiolate anions upon cleavage of the S-S linlcage and 
include reagents such as 2,2' dithiopyridine and 5,5'-dithio(2-nitrobenzoic acid, DTNB) 

5 which fonn intermediate mixed disulphides capable of further reaction with thiols to give 
stable disulphide linkages. 

R may include moieties which interact with water to maintain the water solubility 
of the linkage and suitable moieties include -CONH-, -CO-NMe-, -S-S-. -CH{OH)-, 
-SO2-. -CO2-. -(CH2CH2-0)ni- and -CH(COOH>- where m is an integer of 2 or more, 

10 or linear hydrophiUc polymers such as polyethylene glycol, polypropylene glycol, 
polyglycine, polyalanine or polysarcosine. 

Other examples of R include -(CH2)r . -(CH2)p-S-S-(CH2)q- and 
-(CH2)p-CH(OH)-CH(OH>(CH2)q-. in which r is an integer of at least 2. preferably at 
least 4 and p and q are independently integers of at least 2 

15 In a further aspect R may take the form -U-V-W- where U is 

(CH2)2CONH(CH2)n in which n is an integer of 3 to 8, V is O, S, NRj or NRa-NRa 
where each Ra is H or C 1.5 alky], NH-0 or O-NH. and W is benzyl substituted at the 2- 
or 4- position by the group B. In a preferred embodiment R is 

(CH2)2CONH(CH2)nNH-(4-phenyl) where n is an integer of 3 to 8.The bridging group 
20 of formula (1) may be derived from a Unking agent of formula (II): 

X-Ri-Y (n) 
in which Rj is a bond or a linking group and X and Y are functional groups 
reactable with surface amino acid groups, preferably a lysine or cysteine group, the N- 
terminal amino group, a catalytic serine hydroxyl or a protein attachment group, and X, 
25 Ri- and Y are chosen so as to generate the required bridging group -A-R-B-. 
Preferred agents are those where X and Y are different, known as 
heterobifunctional agents. Each end of the agent molecule is reacted in turn with each 
polypeptide to be linked in separate reactions. Examples of heterobifunctional agents of 
formula (II) include: 
30 N-succinimidyl 3-(2-pyridyldithio) propionate 

succinimidyl 4-(N-roaleimido) caproate 
3-<2-pyridyl) methyl propionimidate hydrochloride 
4'-amidinophenyl 4-N-[2-N-(3*(2-pyridyldithio]ethylcaibonyl)aminoethyll 
aminobenzoate hydrochloride. 
35 Other suitable agents are disclosed in EP0109653, EP0152736. EP0155388 and 

EP0284413, in particular those of formula (II) in EP015538S and (tSl) in EP0284413 
incorporated herein by reference. 
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In each case Y is capable of reacting with a thiol group on a polypeptide, which 
may be a native thiol or one introduced as a protein attachment group. 

The protein attachment group is a functionality derived by modification of a 
polypeptide or protein with a reagent specific for one or more amino acid side chains, 
5 and which contains a group capable of reacting with a cleavable section on the other 
polypeptide. An example of a protein attachment group is a thiol group. An example of 
a cleavable section is a disulphide bond. Alternatively the cleavable section may 
comprise an (x. ^ dihydroxy function. 

As an example, the introduction of a free Uiiol function by reaction of a 

10 polypeptide with 2-iminotliiolane, N-succinimidyl 3-(2-pyridyldithio) propionate (witii 
subsequent reduction) or H-&cetyl homocysteine thiolactone will permit coupling of the 
protein attachment group with a thiol-reactive Y structure. Alternatively, the protein 
attachment group can contain a thiol-reactive entity such as the 6-maletmidohexyl group 
or a 2-pyridyl-dithio group which can react with a free thiol in X. Preferably, the protein 

15 attachment group is derived from protein modifying agents such as 2-iminothiolane that 
leact with lysine e-amino groups in proteins. 

When X represents a group capable of reacting directiy with the amino acid side 
chain of a protein, it is preferably an N-succinimidyl group. When X represents a group 
capable of reacting with a protein attachment group, it is preferably a pyridylthio group. 

20 When X represents a group capable of reacting with a catalytic serine hydroxyl it is 

preferably an 4-amidinophenyl ester group optionally substituted by one or more electron 
withdrawing groups which increases the reactivity of the ester, of the kind contained in 
tiie compounds of formula (II) in EP0155388 and (HI) in EP0284413. 

In the above processes, modification of a polypeptide to introduce a protein 

25 attachment group is preferably carried out in aqueous buffered media at a pH between 
3.0 and 9.0 depending on the reagent used. For a preferred reagent, 2-iminothiolane, the 
pH is preferably 6.5-8.5. The concentration of polypeptide is preferably high (> 
lOmg/ml) and the modifying reagent is used in a moderate (1.1- to 5-fold) molar excess, 
depending on the reactivity of the reagent The temperature and duration of reaction are 

30 preferably in the range (P-4(PC and 10 minutes to 7 days. The extent of modification of 
the polypeptide may be determined by assaying for attachment groups introduced. 

Such assays may be standard protein chemical techniques such as titration with 
5,5'-dithiobis-(2-nitrobenzoic add). Preferably, 0.5-3.0 moles of protein attachment 
group will be introduced on average per mole of polypeptide. The modified polypeptide 

35 may be separated from excess modifying agents by standard techniques such as dialysis, 
ultrafiltration, gel filtration and solvent or salt precipitation. The intermediate material 
may be stored in frozen solution or lyophUised. 
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Where the Unking agent of formula (II) contains an amidino phenyl ester group X 
the agent is preferably first reacted with a polypeptide enzyme via the group X and the 
reaction is preferably carried out under the conditions described for the introduction of 
blocicing groups in European Published Patent Application No. 0,009,879. Having been 
5 freed of excess reagent by suitable techniques such as high performance size exclusion 
chromatography or diafiltration, the acylated enzyme may then be reacted with the other 
polypeptide at a ratio of approximately 1: 1 in a non-nucleophilic buffer at pH7.0-8.0 and 
0O-30OC for up to 6h. However, it is preferable to conduct the coupling below lO^C 
(preferably OO-4OC) in order to minimise the hydrolysis of the acylated enzyme. 
10 Where a protein attachment group is introduced in this way, the bridging group 

(I) will be formed from a reaction of the linking agent (11) and the protein attachment 
group. 

The polypeptides to be linked are reacted separately with the linking agent or the 
reagent for introducing a protein attachment group by typically adding an excess of the 

15 reagent to the polypeptide, usually in a neutral or moderately alkaline buffer, and after 
reaction removing low molecular weight materials by gel fduaiion or dialysis. The 
precise conditions of pH, temperauire, buffer and reaction time will depend on the nature 
of the reagent used and the polypeptide to be modified. The polypeptide linkage reaction 
is preferably carried out by mixing the modified polypeptides in neutral buffer in an 

20 equimolar ratio. Other reaction conditions e.g. time and temperature, should be chosen 
to obtain the desired degree of linkage. If thiol exchange reactions are involved, the 
reaction should preferably be carried out under an atmosphere of nitrogen. Preferably, 
UV-active products are produced (eg from the release of pyridine 2-thione from 2- 
pyridyl dithio derivatives) so that coupling can be monitored. 

25 After the linkage reaction, the polypeptide conjugate can be isolated by a number 

of chromatographic procedures such as gel filtration, ion-exchange chromatography, 
affinity chromatography or hydrophobic interaction chromatogmphy. These procedures 
my be either low pressure or high performance variants. 

The conjugate may be characterised by a number of techniques including low 

30 pressure or high perfomaance gel filtration, SDS polyacrylaraide gel elecfrophoresis or 
isoelecoic focussing. 

Membrane binding elements which are fatty acid derivatives are attached post 
iranslationally to a peptidic membrane binding element, preferably at the terminus of the 
polypetide chain. Preferably, where the recombinant polypeptide portion of the 

35 derivative of the invention contains the peptidic membrane binding element, it has a 
unique cysteine for coupling to the fatty acid derivative. Where the recombinant 
polypeptide has a cysteine residue, a thiol-derivative of the fatty acid is added to the 
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refolded lecombinant protein at a late stage in purification (but not necessarily the final 
stage) and at a reagent concentration preferably below the critical micelle concentration. 
One of the fatty acid derivative and the recombinant peptide will have the thiol group 
activated as described above for thiol interchange reactions. The fatty acid derivative is 
5 preferably a C 10.20 fatty acyl derivative of an aminoC2-6alkane thiol (optionally C- 
substituted) such as N-(2-myristoyl ) aminoethanethiol or N-myristoyl L-cysteine and 
fonns part of the invention. 

Suitable examples of hydrophilic synthetic polymers include polyethyleneglycoi 
(PEG), preferably cc^cofunctionalised derivatives, more preferably a-amino , oxarboxy- 
10 PEG of molecular weight between 400 and 5000 daltons which are linked to the 

polypeptide for example by solid-phase synthesis methods (amino group derivadsation) 
or by thiol-inteichange chemistry. 

Membrane binding elements derived from iigands of known integral membrane 
proteins, either amino acid sequences or carbohydrates, may be generated by post- 
15 translational modification using the glycosylation pathways of eukaryotic cells targeted 
to K-linked glycosylation sites in the peptide sequence. 

Convenient generic final stage purification strategies are hydrophobic interaction 
chromatography (HIC ) on C2-C8 media and cation exchange chromatography for 
separation of derivatised and underivatised proteins into which a hydrophobic- 
20 electrosutic switch combinadon has been inserted. 

The derivatives of this invention are preferably administered as pharmaceutical 
compositions. 

Accordingly, the present invention also provides a pharmaceutical composition 
comprising a derivative of the invention in combination with a pharmaceutically 
25 acceptable carrier. 

The compositions according to the invention may be formulated in accordance 
with routine procedures for administration by any route, such as oral, topical, parenteral, 
sublingual or transdermal or by inhalation. The compositions may be in the form of 
tablets, capsules, powders, granules, lozenges, creams or liquid preparations, such as oral 
30 or sterile parenteral solutions or su^nsions or in the form of a spray, aerosol or other 
conventional method for inhalation. 

The topical formulations of the present invention may be presented as, for 
instance, ointments, creams or lotions, eye ointments and eye or ear drops, impregnated 
dressings and aerosols, and may contain appropriate conventional additives such as 
35 preservatives, solvents to assist drug penetration and emollients in ointments and creams. 
The formulations may also contain compatible conventional carriers, such as 
cream or ointment bases and ethanol or oleyl alcohol for lotions. Such carriers may be 
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present as from about 1% ap to about 9S% of the formulation. More usually they will 
form up to about 80% of the formulation. 

Tablets and capsules for oral administration may be in unit d se presentation 
form, and may contain conventional exclpients such as binding agents* for example 
5 syrup, acacia, gelatin, sorbitol, tragacanth, or polyvinylpyroUidone; fillers, for example 
lactose, sugar, maize-starch, calcium phosphate, sorbitol or glycine; tabletting lubiicanis, 
for example magnesium stearate, talc, polyethylene glycol or silica; disintegrants. for 
example potato starch; or acceptable wetting agents such as sodium lauryl sulphate. 
Tablets may also contain agents for the stablisation of polypeptide drugs against 
10 proteolysis and absorbtion-enhancing agents for macromolecules. The tablets may be 
coated according to methods well known in normal pharmiaceutical practice. 

Suppositories will contain conventional suppository bases, e.g. cocoa-butter or 
other glyceride. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 
15 compound and a sterile vehicle, water bdng preferred. The compound, depending on the 
vehicle and concentration used, is dissolved in the vehicle. In preparing solutions the 
compoimd can be dissolved in water for injection and filter sterilised before filling into a 
suitable vial or ampoule and sealing. 

Parenteral formulations may include sustained-release systems such as 
20 encapsulation within microspheres of biodegradable polymers such as poly-lactic co- 
glycotic acid. 

Advantageously, agents such as a local anaesthetic, preservative and buffering 
agents can be dissolved in the vehicle. To enhance the stability, the composition can be 
frozen after filling into the vial and the water removed under vacuum. The dry 

25 lyophilized powder is then sealed in the vial and an accompanying vial of water for 
injecdon may be supplied to reconstitute the liquid prior to use. Advantageously, a 
surfactant or vetting agent is included in the composition to facilitate uniform 
distribution of the compound. 

Compositions of this invention may also suitably be presented for administration 

30 to the respiratory tract as a snuff or an aerosol or solution for a nebulizer, or as a 

microfine powder for insufflation, alone or in combination with an inert carrier such as 
lactose. In such a case the particles of active compound suitably have diameters of less 
than 50 microns, preferably less than 10 microns for example diameters in the range of 
1-50 microns, 1-10 microns or 1-5 microns. Where appropriate, small amounts of 

35 anti-asthmatics and bronchodilators, for example sympathomimetic amines such as 

isoprenaline. isoetharine, salbutamol, phenylephrine and ephedrine; xanthine derivatives 
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such as theophylline and aminophylline and corticosteroids such as prednisolone and 
adrenal stimulants such as ACIH may be included. 

Microflne powder formulations may suitably be administered in an aerosol as a 
metered dose or by means of a suitable breath-activated device. 
5 Suitable metered dose aerosol formulations comprise conventional propellants, 

cosolvents, such as ethanol. surfactants such as oleyl alcohoU lubricants such as oleyl 
alcohol, desiccants such as calcium sulphate and density modifiers such as sodium 
chloride. 

Suitable solutions for a nebulizer are isotonic sterilised solutions, optionally 
10 buffered, at for example between pH 4-7, containing up to 20mg ml-^ of compound but 
more generally 0.1 to lOmg ml-^. for use with standard nebulisation equipment 

The quantity of material administered will depend upon the potency of the 
derivative and the nature of the complaint be decided according to the circumstances by 
the physician supervising treatment However, in general, an effective amount of the 
15 polypeptide for the treatment of a disease or disorder is in the dose range of 0.01- 

lOOmg/kg per day. preferably 0,lmg-10mg/kg per day, administered in up to five doses 
or by infusion. 

No adverse toxicological effects arc indicated with the compounds of the 

invention within the above described dosage range. 
20 The invention also provides a derivative of the invention for use as a medicament 

The invention further provides a method of treatment of disorders amenable to 

treatment by a soluble peptide which comprises administering a soluble derivative of said 

soluble peptide according to the invention, and the use of a derivative of the invention for 

the preparation of a medicament for treatment of such disorders. 
25 In one preferred aspect the present invention relates to derivatives for use in the 

therapy of disorders involving complement activity and various inflammatory and 

immune disorders. 

In this preferred aspect the soluble polypeptide which is derivatised in accordance 
with the invention is a soluble complement inhibitor such as a soluble CRl polypeptide 
30 fragment 

Constituting about 10% of the globulins in normal serum, the complement system 
is composed of many different proteins that are important in the immune system's 
response to foreign antigens. The complement system becomes activated when its 
primary components are cleaved and the products alone or with other proteins, activate 
35 additional complement proteins resulting in a proteolytic cascade. Activation of the 
complement system leads to a variety of responses including increased vascular 
permeability, chemotaxis of phagocytic cells, activation of inflammatory cells. 
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opsonization of foreign particles, diiea killins of ceils and tissue damage. Activation of 
the complement system may be triggered by anUgen-antibody complexes (the classical 
pathway) or, for example, by lipopolysaccharides present in cell walls of pathogenic 
bacteria (the alternative pathway). 
5 Complement receptor type 1 (CRl) has been shown to be present on the 

membranes of erythrocytes, monocytes/macrophages, granulocytes, B cells, some T cells, 
splenic follicular dendritic cells, and glomerular podocytes. CRl binds to the 
complement components C3b and C4b and has also been referred to as the C3b/C4b 
receptor. The structural organisation and primary sequence of one allotype of CRl is 

10 known (KUclcsiein et al, 1987, J. Exp. Med. 165:1095-11 12, Kliclcstein a aL, 1988, J. 
Exp. Med. 168:1699-1717; Hourcade a/.. 1988, J, Exp. Med. 168:1255-1270, WO 
89/09220. WO 91/05047). It is composed of 30 short consensus repeats (SCRs) that each 
contain around 60-70 amino acids. In each SCR. around 29 of the average 65 amino 
acids are conserved. Each SCR has been proposed to form a three dimensional triple 

15 loop structure through disulphide linkages with the third and first and the fourth and 

second half-cystines in disulphide bonds. CRl is further arranged as 4 long homologous 
repeats (LHRs) of 7 SCRs each. Following a leader sequence, the CRl molecule consists 
of the N-terminal LHR-A, the next two repeats, LHR-B and LHR-C, and the most C- 
terminal LHR-D followed by 2 additional SCRs, a 25 residue putative transmembrane 

20 region and a 43 residue cytoplasmic tail. 

Based on the mature CRl molecule having a predicted N-terminal glutamine 
residue, hereinafter designated as residue 1, the first four SCR domains of LHR-A are 
defined herein as consisting of residues 2-58, 63-120, 125-191 and 197-252, respectively, 
of mature CRl. 

25 Several soluble firagments of CRl have been generated via recombinant DNA 

procedures by eliminating the transmembrane region from the DNAs being expressed 
(WO 89/09220, WO 91/05047), The soluble CRl fragments were functionaUy active, 
bound C3b and/or C4b and demonstrated Factor I cofactor activity depending upon the 
regions they contained. Such constructs inhibited in vitro complement-related functions 

30 such as neutrophil oxidative burst, complement mediated hemolysis, and C3a and CSa 
production. A particular soluble construct, sCRl/pBSCRlc, also demonstrated in vivo 
activity in a reversed passive Arthus reaction (WO 89/09220, WO 91/05047: Yeh et 
al., 1991, J. Immunol. 146:250), suppressed post-ischemic myocardial inflammation and 
necrosis (WO 89/09220. WO 91/05047; Weisraan etaL, Science. 1990, 249:146-1511; 

35 Dupe. R. et al Thrombosis & Haemostasis (1991) 65(6) 695.) and extended survival 

rates following transplantation (Pruiit & Bollinger. 1991. J. Surg. Res 50:350; Pmitt et 
aL, 1991 Transplantation 52; 868). Furtiiermorc, co-formulation of sCRl/pB SCR Ic 
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with p-amsoylated human plasmiitogen-stFeptoklnase-activator complex (APS AC) 
resulted in similar anti-haemolytic activity as sCRl alone, indicating that the 
combination of the complement inhibitor sCRl with a thromt>olytic agent was feasible 
(WO 91/05047). 

5 The soluble CR 1 polypeptide fragment encoded by sCR 1/pBSCR 1 c, residues 1 - 

1929 of CRl, may be derivatised in accordance with the invention. 

Soluble polypeptides coiresponding to pan of CRl have been found to possess 
functional complement inhibitory, including anti-haemolytic, activity. WO94/00571 
discloses soluble polypeptides comprising* in sequence, one to four short consensus 
10 repeats (SCR) selected from SCR 1 . 2, 3 and 4 of long homologous repeat A (LHR-A) as 
the only structurally and functionally intact SCR domains of CRl and including at least 
SCR3. 

In preferred aspects, the polypeptide comprises, in sequence, SCR U 2, 3 and 4 
of LHR-A or SCR 1, 2 and 3 of LHR-A as the only structurally and functionally intact 
15 SCR domains of CRl. 

In one aspect^ the polypeptides may be represented symbolically as follows: 

NH2-V 1-SCRl -W 1-SCR2.X 1-SCR3-Y 1 -OH (A) 
in which SCRl represents residues 2-58 of mature CRl. SCR2 represents residues 
63-120 of mature CRl, SCR3 represents residues 125-191 of mature CRl, and V^, Wl, 
20 Xl and represent bonds or short linking sequences of amino acids, preferably 1 to 5 
residues in length and which are preferably derived from native interdomain sequences in 
CRl. 

In a preferred embodiment of formula (1). W^, and represent residues 59- 
62, 121-124 and 192-196, respectively, of mature CRl and represents residue 1 of 
25 mature CRl optionally linked via its N-terminus to methionine. 

In another aspect the polypeptides may be represented symbolically as follows: 

NH2-V2.SCR1-W2-SCR2.x2-SCR3-Y2.SCR4-Z20H (B) 
in which SCRl, SCR2 and SCR3 are as hereinbefore defined, SCR4 represents 
residues 197-252 of mature CRl and v2, w2. x^, and represents bonds or short 
30 linking sequences of amino acids, preferably 1 to 5 residues in length and which are 
preferably derived from native interdomain sequences in CR 1 . 

In preferred embodiments of formula (II), W^, x^, Y^ and 7?- represent residues 
59-62, 121-124, 192-196, and residues 253 respectively, of mature CRl and 
represents residue 1 of mature CRl optionally linked via its N-ierminus to methionine. 
35 In one particular embodiment of formula (B) arginine 235 is replaced by 

histidine. 

In the preferred embodiment of formula (B). residue 235 is arginine. 
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In one further aspect, the polypeptide may be represented symbolically as 
follows: 

NH2-X3-SCR3-Y3-0H (C) 
in which SCR3 is as hereinbefore defmed and and represent bonds or short 

linking sequences of amino acids, preferably 1 to 5 residues in length and which are 

preferably derived from native interdomain sequences in CRl. 

In a preferred embodiment of formula (C) represents amino acids 122-124 of 

mature CRl optionally linked to methionine at its N-terminus and represents amino 

acids 192-196 of mature CRl. 

In another further aspect, the polypeptide may be represented symbolically as 

follows: 

NH2-X^-SCR3-Y^-SCR4-Z4-OH (D) 
in which SCR3 and SCR4 are as hereinbefore defined and X^, Y^ and 
represent bonds or short linking sequences of amino acids, preferably 1 to 5 residues in 
length and which are preferably derived from native interdomain sequences in CRl. 

In a preferred embodiment of formula (D) X^ represents amino acids 122-124 of 
mature CRl optionally linked to methionine at its N-terminus and Y^ and represent 
amino acids 192- 196 and 253 respectively of mature CRl. 




The soluble CRl oolypeptide is derivatised in accordance with the invention by 
20 any convenient strategy from those outlined above. In a preferred embodiment the 
soluble CRl polypeptide copsists of residues 1-196 of CRl and with an N-terminal 
methionine and the derivative comprises a myristoyl group and one or more polypeptides 
sequence selected firom 

DGPKKKKKKSPSK5 
25 GSSKSPSKKKKKI 

CDGPKKKKKKSPSKSSK 
SKDGKKKKKKSKTKC^ 
CSAAPSSGFRILLLKV 
AAPSVIGFRILLLKVAGC> 
30 and 

DGPSEILRGDFSSC 
(N-terminus on left). 



The soluble complement inhibitor, such as a soluble CRl polypeptide, derivative 
of this invention is useful in the treatment of many complement-mediated or 
35 complement-related diseases and disorders including, but not limited to, those listed 
below. 
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Disease and Disorders Invcriving Complement 
Neurological Disorders 
multiple sclerosis 
stroke 

GuiUain Barr^ Syndrome 
traumatic brain injury 
Paikinson's disease 
allergic encephalitis 
Alzheimer's disease 

Disorders of Inappropriate or Undesirable Complement Activation 

haemodiaJysis complications 
hyperacute allograft rejection 
xenograft rejection 
corneal graft rejection 

interleukin-2 induced toxicity during IL-2 therapy 
paroxysmal nocturnal haemoglobinuiia 

Inflammatory Disorders 
inflammation of autoimmime diseases 
Crohn's Disease 

adult respiratory distress syndrome 

thermal injury including bums or frostbite 

uveitis 

psoriasis 

asthma 

acute pancreatitis 

Post-Isdiemic Reperfusion Conditions 
myocardial infarction 
balloon angioplasty 

atherosclerosis (cholesterol-induced) & restenosis 
hypertension 

post-pump syndrome in cardiopulmonary bypass or renal haemodtalysis 
tenal ischemia 
intestinal ischaemia 
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Infectious Diseases or Sepsis 
multiple rgan failure 
septic shock 
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Immune Complex Disorders and Autoimmune Diseases 

iheumatoid arthritis 

systemic lupus erythematosus (SLE) 

SLE nephritis 

proliferative nephritis 

glomerulonephritis 

haemolytic anemia 

myasthenia gravis 

Reproductive Disorders 

antibody- or complement-mediated infertility 

Wound HeaUng 

The present invention is also directed to a pbamiaceutical composition for 
treating a disease or disorder associated with inflammation or inappropriate complement 
activation comprising a therapeutically effective amount of a soluble complement 
inhibitor, such as a soluble CRl polypeptide, derivative of this invention, and a 
pharmaceutically acceptable carrier or excipient 

The present invention also provides a method of treating a disease or disorder 
associated with inflammation or inappropriate complement activation comprising 
administering to a subject in need of such treatment a therapeutically effective amount of 
a soluble complement inhibitor, such as a soluble CRl polypeptide, derivative of this 
invention. 

In the above methods, the subject is preferably a human. 

Further provided is the use of a soluble complement inhibitor, such as a soluble 
CRl polypeptide, derivative of this invention in the manufacture of a medicament for the 
treatment of a disease or disorder associated with inflammation or inappropriate 
complement activation. 

In order to inhibit complement activation and. at the same time, provide 
thrombolytic therapy, the present invention provides compositions which further 
comprise a therapeutically active amount of a thrombolytic agent An effective amount 
of a thrombolytic agent is in the dose range of 0.01-lOmg/kg; preferably QA-Smg/kg, 
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Piefened thrombolytic agents include, but are not limited to, streptokinase, human tissue 
type plasminogen activator and urokinase molecules and derivadves, fragments or 
conjugates thereof. The thrombolytic agents may comprise one or more chains that may 
be fused or leversibly linked to other agents to form hybrid molecules <£P-A-0297882 
and EP 155387). such as, for example, urokinase linked to plasmin (EP-A-0 152736). a 
fibrinolytic enzyme linked to a water-soluble pol}m:ier (EP-A-01 83503). The 
thrombolytic agents may also comprise muteins of plasminogen activators (EP- A- 
0207589). In a preferred embodiment, the thrombolytic agent may comprise a reversibly 
blocked in vitro fibrinolytic enzyme as described in U.S. Patent No. 4.285,932. A most 
preferred enzyme is the p-anisoyl plasminogen-streptokinase activator complex, 
anisireplase as described in U.S. Patent No. 4,808.405 (Monk et al, 1987, Drugs 34:25- 
49). 

Routes of administration for the individual or combined therapeutic compositions 
of the present invention include standard routes, such as. for example, intravenous 
infusion or bolus injection. Active complement inhibitors and thrombolytic agents may 
be administered together or sequentially, in any order. 

The present invention also provides a method for treating a thrombotic condition, 
in particular acute myocardial infarction, in a human or non-human animal. This method 
comprises administering to a human or animal in need of this treatment an effective 
amount of a soluble complement inhibitor, such as a soluble CRl polypeptide, derivative 
according to this invention and an effective amount of a throml)oIytic agent. 

Also provided is the use of a soluble complement inhibitor, such as a soluble CRl 
polypeptide, derivative of this invention and a thrombolytic agent in the manufacture of a 
medicament for the treatment of a thrombotic condition in a human or animal. Such 
methods and uses may be carried out as described in WO 91/05047. 

This invention further provides a method for treating adult respiratory distress 
syndrome (ARDS) in a human or non-human animal. This method comprises 
administering to the patient an effective amount of a soluble complement inhibitor, such 
as a soluble CRl polypeptide, derivative according to this invention. 

The invention also provides a method of delaying hyperacute allograft or 
hyperacute xenograft rejection in a human or non-human animal which receives a 
transplant by administering an effective amount of a soluble complement inhibitor, such 
as a soluble CRl polypeptide, derivative according to this invention. Such 
administradon may be to the patient or by applicadon to the transplant prior to 
implantation. 

The invention yet further provides a method of treating wounds in a human or 
non-human animal by administering by either topical or parenteral e.g. intravenous 
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routes, an effective amount of a soluble complemeni inhibitor, such as a soluble CRl 
polypeptide derivative acconUag to this invention. 

In another pcefened aspect the soluble polypeptide is a thrombolytic agent such 
as prourokinase, streptokinase, tissue-type plasminogen activator or reteplase and the 
derivative of the invention is useful in the treatment of thrombotic disorders such as acute 
myocardial infarction. The invention thus provides a pharmaceutical composition for 
ueating thrombotic disorders comprising a therapeutically effective amount of a 
derivative of a thrombolytic agent according to the invention, and a pharmaceuticaliy 
acceptable carrier or excipient The invention further provides a method of treatment of 
thrombotic disorders by administering an effective amount of a derivative of a 
thrombolytic agent according to the invention, and the use of such derivative in the 
preparation of a medicament for the treatment of thrombotic disorders. 

The following Methods and Examples illustrate the invention. 
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GENERAL METHODS USED IN EXAMPLES 



<i) DNA Cleavage 

Cleavage of DNA by restriction endonucleases was earned out according to the 
5 manufacturer's instructions using supplied buffers. Double digests were carried out 
simultaneously if the buffer conditions were suitable for both enzymes. Otherwise 
double digests were carried out sequentially where the enzyme requiring the lowest salt 
condition was added first to the digest Once the digest was complete the salt 
concentration was altered and the second enzyme added. 

10 

(U) DNA Ugation 

Ligations were canied out using T4 DNA ligase purchased from Promega, as 
described in Sambrook et aU (1989) Molecular Cloning: A Laboratory Manual 2nd 
Edition. Cold Spring Harbour Laboratory Press. 

15 

(tii) nasmid isolation 

Plasmid isolation was carried out by the alJcaUne lysis method described in 
Sambrook et al, (1989) Molecular Cloning: A Laboratory Manual 2nd Edition. Cold 
Spring Harbour Laboratory Press or by one of two commercially available kits: the 
20 Promega Wizard^M pius Minipreps or (^agen Plasmid Maxi kit according to the 
manufacturer's instructions. 

<iv) DNA fragment isolation 

DNA fragments were excised from agarose gels and DNA extracted using one of 
25 three commercially available kits: the QIAEX gel extraction kit or Qiaquick gel 

extraction kit (QIAGEN Inc.. USA), or GeneClean (Bio 101 Inc. USA) according to the 
manufacturer's instructions. 

(v) IntFoduction of DNA into coli 
30 Plasmids were transformed into E, coli BL21 (DE3) (Smdier and Moffat, (1986), 

J, Mol Biol 189: 1 13). £. coli XU-blue. BL21 (DE3) pLys-S or BLR (DE3) pLys-S that 
had been made competent using calcium chloride as described in Sambrook et aU (1989). 
Cell lines were purchased as frozen competent cultures from Stratagene. £. coli JM109 
was purchased as a frozen competent culture from Promega. 

35 
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(vi) DNA sequencing 

Piasmid DNA was sequenced on a Vistra DNA Labstalion 625. The sequencing 
chemistry was performed using Amersham International's Thermo Sequenase fluorescent 
dye-terminator cycle sequencing kir (RPN 2435), in conjunction with their PMP 
5 fluorescent dye-terminator precipitaUon kit' (RPN 2433) according to the manufacturer's 
instructions. 

The sequences produced by the above procedure were analysed by a l^ldn Elmer 
ABI Prism 377 DNA Sequencer. This is an electrophorctic technique using 36 cm x 
0.2mm 4% acrylamide gels, the fluorescenUy labeled DNA fragments being detected by a 
10 charge coupled device camera according to the manufacturer's instructions. 

(vii) Prodnctionof oligonudcotides 

Oligonucleotides were purchased from Cruachem. 

15 (viii) PBROC413 

The piasmid pT7-7 [Tabor, S (1990). Current Protocols in Molecular Biology, F. 
A. Ausubel. Brent. R, E. Kingston, D. D. Moore. J. G. Seidman. J. A. Smith, and K. 
StruhUeds.] pp. 16.2. 1-16.2.11. Greene Publishing and Wiley-Interscience.New York.] 
contains DNA corresponding to nucleotides 2065-4362 of pBR322 and like pBR322 can 

20 be mobiUzed by a conjugative piasmid in the presence of a third piasmid ColK. A 
mobility protein encoded by ColK acts on the nic site at nucleotide 2254 of pBR322 
initiating mobilization from this point pT7-7 was digested with Lspl and BgHl and the 
protruding 5* ends filled in with the Klenow fragment of DNA Polymerasel. The 
piasmid DNA fragment was purified by agarose gel electrophoresis, the blunt ends 

25 ligated together and transformed into E, coli DH 1 by electroporation using a Bio-Rad 
Gene Pulser and following the manufacturers recommended conditions. The resultant 
piasmid pBRCX^413 was identified by restriction enzyme analysis of piasmid DNA, 

The deletion in pBROC413 from the Lspl site immediately upstream of the f 10 
promoter to the Bgm site at nucleotide 434 of pT7-7 deletes the DNA corresponding to 

30 nucleotides 2065-2297 of pBR322. The nic site and adjacent sequences are therefore 
deleted making pBROC413 non mobilizable. 

(ix) Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE) 

SDS PAGE was carried out generally using this Novex system (British 
35 Biotechnology) according to the manufacturer's instructions. Prepacked gels of 4 - 20% 
acrylamide were used. Samples for electrophoresis, including protein molecular weight 
standards {for example LMW Kit, Pharmacia or Novex Mark 12) were usually diluted in 
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1 %(w/v)SDS - containing buffer (with or without 5%(v/v) 2-nien:aptoethanoi). and left 
at room temperature for about 10 to 30 min before application to the gel. 

(x) Redaction of disulphides and modification of thiols in proteins 
5 There arc a number of methods used for achieving the tide goals. The reason it 

may be necessary to carry out selective reduction of disulphides is that during the 
isolation and purification of multi-thiol proteins, in particular during refolding of fully 
denatured muld-thiol proteins, inappropriate disulphide pairing can occur. In addition, 
even if correct disulphide paring does occur, it is possible that a free cysteine in the 

10 protein may become blocked, for example with glutathione. These derivatives are 

generally quite stable. In order to make them more reactive, for example for subsequent 
conjugation to another functional group, they need to be selectively reduced, with for 
example dithiothreitol (DTT) or Tris (2-carboxyethyl) phosphincHQ (TCEP) then 
optionally modified with a function which is moderately unstable. An example of the 

15 latter is EUmans reagent (DTNB) which gives a mixed disulphide. In the case where 
treatment with DTNB is omitted, careful attention to experimental design is necessary to 
ensure that dimerisation of the free thiol-containing protein is minimised. Reference to 
the term •selectively reduced' above means that reaction conditions eg. duration, 
temperature, molar ratios of reactants have to be carefully controlled so that reduction of 

20 disulphide bridges within the natural architecmre of the protein is minimised. All the 
reagents are commercially available eg. from Sigma or Pierce. 

The following general examples illustrate the type of conditions that may be used 
and that are useful for the generation of free thiols and their optional modification. The 
specific reaction conditions to achieve optimal thiol reduction and/or modification are 

25 ideally determined for each protein batch. 

TCEP may be prepared as a 20mM solution in 50mM Hepes (approx. pH 4,5) and 
may be stored at -40 degrees C. DTT may be prepared at lOmM in sodium phosphate 
pH 7.0 and may be stored at -40 degrees C DTNB may be prepared at lOmM in sodium 
phosphate pH 7.0 and may be stored at -40 degrees C. All of the above reagents are 

30 typically used at molar equivalence or molar excess over protein concentration, the 
precise concentrations ideally identified experimentally. The duration and the 
temperature of the reaction are similarly determined experimentally. Generally the 
duration would be in the range 1 to 24 hours and the temperature would be in the range 2 
to 30 degrees C. Excess reagent may be convenienUy removed by buffer exchange, for 

35 example using Sephadex G25 or Sephadex G50. A suitable buffer is 0. IM sodium 
phosphate pH7.0 or the solution may be left untreated. 
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EXAMPLES 
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Example 1 PreparatI n fN-CMyristoyDl^anUnoethaxie thiol (MAET) 

Myristoyl chloride (1.0 mmol)was added with vigorous stirring to ice-cooled dry 
pyridine (1.0ml), and followed immediately by N-hydroxysuccinimide (1.5 mmoD.The 
mixture was stined for 4h at ambient temnperature (-23^C). 2-aminoethanethiol free 
base (1.1 mmol) was added as solid to the mixture and allowed to react for 6h at ambient 
temperamie. followed by 3 days at 4°C. The product was treated with water (5ml), stirred 
for Ih at ambient and filtered, washing with cold water. The white solid was dissolved in 
dimethylsulphoxide and reprecipitated with water and then vacuum dried over 
phosphorous pentoxide. The final yield was 0.2 Ig (-70%). Thiol titration using 
Hlman's reagent indicated that the product contained -45% free thiol. 

Example 2 Syntfiesls of Myrlstoyl/Electrostatic Switch Peptide Reagent 1 
(MSWP-1) (SEQ ID NO: 27) 

N-(Myristoyl) •Gly-Scr-Ser-Lys-Scr-Pro-Scr-Lys-Ljs-Lys-Lys-Lys.Lys.pro-Gly.Asp-(S-2. 
TliiopyrldyI)Cys-NH2 

The peptide: 

Gly-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-Pro-GIy-Asp-Cys-NH2 
(SEQ ID NO: 5) 

was prepared using solid phase synthesis via the general Fmoc/tBu strategy developed by 
Sheppard and Atherton (E.Atherton and R.CSheppard, Solid Phase Synthesis, IRL Press. 
Oxford, 1989). Kieselguhr-supported polydimethylacrylamide resin (Macrosorb 100) 
was used as the solid support and was derivatised with ethylene diamine. 

Coupling reactions were carried out using N-a-Fmoc protected reagents pre- 
activated with N.N'-diisopropylcarbodiimide/ N-hydroxybenzotriazole (in 4-fold molar 
excess) with bromophenol blue monitoring. Fmoc cleavages used 20% piperidine in 
DMF. Reactions to assemble the peptide chain were carried out by repeated cycles of 
coupling and deprotection including the attachment of the modified Rink linkage reagent 
(p-[(R,S)-a-[l-(9H-fluorcny-9-yl-methoxyformamido ] 2.4 dimethoxybenzyl]- 
phenoxyacetic acid) designed to yield a C-terminal amide on final cleavage. The side 
chain functionalities of the individual amino-acids were protected as follows: 



On completion of the peptide assembly and with the peptide still attached to the 
resin, the myristoyl group was attached to the amino group of the N terminal glycine by 
direct coupling of myristic acid by the same activadon procedure. This modified peptide 
was then cleaved from the resin and the side-chain protecting groups removed at the 



Ser (tButyl). Lys (Boc), Asp (O-tButyl), Cys (Trityl). 
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same time by treatment with trifluoracetic acid containing 2,5% water and 2.5% 
triisopropyl sUane. 

The crude product was treated with 2,2* dithiopyridine in 0.0 IM ammonium 
acetate solution at pH 8-9 for approx. 2h, then acidified with acetic acid and purified by 
5 preparative high performance liquid chromatography (HPLC) in 0.1% trifluoracetic acid 
(TFA) /water and 0.1% TFA/acetonitrile as gradient component After lyophilisation, the 
peptide was a white amorphous powder, soluble to at least lOmg/ml in 
dimethylsulphoxide. Fast atom bombardment mass spectrometry gave main peaks at m/e 
2107.8, 2129.7 and 2145.8. corresponding to the monoprotonated. mohosodiated and 

10 monopotassiated molecular ions of the peptide. The 2-thiopyridyl content of the peptide 
was measured by dissolving it to around O.OSmM to 0.2 mM in O.IM Sodium Borate pH 
8.0 and reducing by addition of dithiothreitol to 5mM. The change in optical density at 
343nm was used to calculate the amount of pyridine 2-thione released using an 
extinction coefficient at this wavelength of 8080 cm * M ' . This indicated that the peptide 

15 content was approximately 60% of the dry weight 

Example 3 Synthesis of Myristoyl/E^ectrostatic Switch Peptide Reagent 2 
(MSWP-2) (SEQ ID NO: 28) 

N-acetyl-Cys(2-thio|y3rrklyI) Asp-Gly-Pro-Ly»-Ly»-Lys-Ly»-Lys-Ly»-Ser-Pro-Ser Lyft-Ser-Ser-Lys- 
20 (E-N-(Myiistoyl»-NH2 

The peptide: 

Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Lys-NHj 
(SEQ ID NO: 18) was prepared by solid-phase synthesis using the general method 
25 described in Example 2 and with the following variations: 

a. The C-terminai lysine was protected by alkylation with the 4-methyl trityl 
(MTT) group; all other lysines were N-e protected with the t-Boc group 

b. MTT was removed with 1% v/v trifluoracetic acid in dichloromethane and the 
resulting unique free amino group derivatised with myristic acid prior to deprotection of 

30 the other lysines (as described in Example 2) 

The N-terminus was acetylated with acetic anhydride upon completion of the 
peptide chain assembly. Generation of the 2-pyridyldithiocysteiiie moiety was by reation 
of the deprotected peptide with 2^'-dithiopyridine as described above. The product was 
purified as described in Example 2. Fast-atom bombardment mass spectrometry gave a 

35 molecular ion peak at 2221 .3 (cf 2220.3 for the monoprotonated theoretical mass). 
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Amico-acid Analysis: 

Asx Ser Gly Pro 

Theory: 1.0 4.0 LO 2.0 

Found 0.97 3.53 1.15 1.88 

5 (Asx = Asn or Asp) 

Amino-acid analysis indicated a net peptide content by weight of 68.7%. The 2-pyridyl 
disulphtde content was appoximately 60% by weight using the method of Example 2. 

Example 4 Synthesis of Myristoyl/Eiectrostatic Switch Peptide Reagent 3 
10 (MSWP.3)(SEQIDNO:29) 

N-(Myiistoyi) -Scr-Lys-Asp-Gly-Ly»>L3rB-Lys.Ly»-Lys.Lys-Scr-Lys-Thi^Lys-(S-2-TUopyrldyl)Cys- 
NH2 



The peptide: 

15 Scr-Lys-Asp-Gly-Lys-Lys-Lys-Lys-Lys-Lys-Scr -Lys-Thr-Lys-Cys (SEQ ID NO: 19) 
was prepared using the general solid-phase synthesis protocol of Example 2. 
Myristoylation, C-tenninal amidation and derivatisation of the Cys residue were 
performed as described in Example 2. After purification, mass spectrometry gave the 
major peak at 2040.5, coiresponding to a monoprotonated form (Theory: 2039.5) 

20 

Amino-acid analysis: 
Asx 

Theory: 1 
Found: 1.02 

25 

The peptide content was about 56% by weight 



Ser Giy Thr Lys 

2 1 19 

2.04 1,14 1.06 8.85 



Example 5 Synthesis of T-Cell Targeting Peptide Reagent 1 (TCTP-1) (SEQ ID 
NO: 30) 

30 N-uctyH^blopyrldyl)Cys Ser.AU-AU.Pn>.Ser-Sci^ly-Pbc-Ai^-IksLca.Lcii.Lc<i-Ljs-Vid- 
CONH(CH2)9CH3 



The peptide Cys-Ser-Ala-Ala-Pro-Ser-Ser-Gly-Phe-Arg-De-Leu-Leu-Leu-Lys- 
Val (SEQ ID NO: 20) was prepared using the general solid-phase methodology of 
35 Example 2 and N-acetylated as in Example 3. The C-terminus was derivatiscd using n- 
decylamine in place of the Rink reagent Mass spectrometry of the purified peptide gave 
a major peak at 1952.3 corresponding to a monoprotonated molecular ion (Theory: 
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195 1 . 1 .) An ion at 1 843.3 was also observed , this is believed to correspond to loss of 
the thiopyridyl group in the spectrophotometer 

Amino-acid analysis: 

5 Ser Gly Arg Ala Pro Val lie Phe Leu Lys 

Theory: 3 1 12 11113 1 

Found: 2.95 1.10 1.10 2.11 1.04 0.60 0.92 1.00 3.03 1.03 

The peptide content by weight was 53% 

10 

Example 6 Expression and isolation of [SCRl-3]-Cy5 (SEQ ID NO: 6) 

(a) Construction of plasmid pDB1030 encoding [SCR l-3}-Cy5 

The plasmid coding for SCRl-3 of LHR-A of CRl. pDB1013-5 (patent 

application WO 94A)0571) was digested with restriction endonucleases £coRl and 
15 Hindni and the 2.2 IcB plasmid band was isolated from an agarose gel using a Qiagen 

Qiaex DNA extraction kit according to the manufacmier's instructions. This is fragment 

1. A second batch of pDB1013-5 was digested with Banl and EccRl and the 196 bp 

band was extracted from agarose as above. This is fragment 2. Two oligonucleotides. 

SEQ ID No.l and SEQ ID No.2, were annealed to give a fmal DNA concentration of 100 
20 pmoles/ul. The annealed oligo has a BanUEcoEI overhang and duplicates the sequence 

at the 3' end of pDB1013-5 but in addition contains a codon coding for cysteine just 

before the stop codon. This is fragment 3. 

Fragments 1,2 and 3 were ligated with T4 DNA ligase in a single reaction to give 

pDB1030 . The ligated plasmid was transformed into competent K coli JM109 
25 purchased from Promega. Resulting colonies were analysed by restriction endonuclease 

digestion and DNA seqtiencing confirmed that the encoded amino acid sequence of 

SCR(l-3) (SEQ ID No.27 of WO 94/00571) had been altered by a single C-terminal 

cysteine residue to give SEQ ID No.6. 

30 (b) Expression of [SCRl-3^Cys from pDB1030 

pDB1030 was transformed into calcium chloride competent E. co/i BL21(DE3) 
and resultant colonies were isolated and checked for plasmid content To express protein 
from pDB 1030 in E. coli BL21(DE3). a single colony was inoculated into 10 ml LB- 
phosphate media (20g/L tryptohe, 15g/L yeast extract, 0.8g/L NaCl, 0.2g/L Na2HP04. 

35 0, Ig/L KH2PO4) containing 50ug/ml ampicillin. The culture was grown for 6 hours at 
37^, 230 r.p.m. before being used to inoculate 100 ml of the same media containing 50 
ug/ml ampicillin. Growth was under the same conditions overnight 25 ml of each 
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culture were then used to inoculate 600 ml of the same media with 50 ug/ml ampicillin in 
3 L erlenmeyer flasks. Cells were grown to an OD of 0.8 - 1.0 at A500 nm. IPTG 
(isopropyl B-D galactopyranostde) was added to a final concentration of 1 mM and cells 
allowed to continue growth for a further 3-4 hours before harvesting by centnfiigation 
5 at 8000 g/10 min. Pellet from 2L of culture was stored at -SO^C 

(c) Isolatioiit refolding, puriflcatloii and formulation of [SCRl-3]-Cys 

The methods describied are essentially those detailed in Dodd 1. et al (1995) 
Protein Expression and Piuification 6 727-736. 
10 i) Isolation of solubilised Inclusion bodies 

The frozen cell pellet of £. coti BL21 (DE3) (pDB 1030) was resuspended in 50 
mM Tiis/50 mM NaCl/1 mM EDTA/0.1 mM PMSF pH 8.0 at a ratio of 33 ml for each 
litre of culture pellet. The suspension was transfetred to a glass beaker surrounded by 
ice and sonicated (Heat systems - Ultrasonics W380; 50 x 50% pulse^ pulse time = 5 sec.) 

15 for typically 3-6 minutes. The disrupted pellet was then frozen and stored at -80^. 
Approx. 2 weeks later the sonicate was thawed and centrifuged at approx. 8000g for 20 
min. The pellet was resuspended in 20 mM Tris/8M urea/1 mM EDTA/50 mM 2- 
meic^toethanol pH 8.5 (200ml) at room temperature by vigorous swirling/then left for 
Ih at room temperature followed by overnight at 4** C. 

20 ii) Initial purification using SP-Sepliarosc 

To the viscous solution was added SP-Sepharose FF (^prox. 30g wet weight) 
that had been water washed and suction-dried. The mixture was swirled vigorously and 
left static for l-2h at room temperature. The supernatant was decanted, sampled and 
discarded. The remaining slurry was resuspended to a uniform su^nsion and poured 

25 into a glass jacket and allowed to settle into a packed bed. The column was equilibrated 
with 0.02M Tris/8M uiea/0.05M 2-mercaptoethanoVO.OOl M EDTA pH 8.5.at 4°C. 
When the A28O ^ eluate had stabilised at baseline, the buffer was changed to 
equilibration buffer additionally containing IM NaCl. A single A2go peak was eluted 
by the IM NaCl-containing buffer, the volume was approx. 50ml. The protein 

30 concentration of the solution was estimated by A28O determination, using a molar 
extinction coefHcient of 25000 cm' of a sample that had been buffer-exchanged 
{Sephadex G25) into 50 mM formic acid. This showed the product had a protein 
concentration of 1 .6mg/ml. The solution was stored at -40'*C. 
iU) Folding and further processing 

35 2Sml of the SP-Sepharose-purified product was added gradually over a i min 

period to 780 ml freshly prepared, cold 0.02M ethanolamine/lmM EDTA with 
continuous swirlings and left static for 1 h/A^C, Reduced glutathione (GSH) was added 
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to 1 mM and xidised glutathione (GSSG) was added to 0.5 mM. The solution was clear 
and was left static appiox 2-3% for 3 d* The solution was then ultrafUtered using a 
YMIO membrane to a final retentate volume of about 35 ml: the retentate was slightly 
cloudy and had the appearance of a translucent solution. It was stored for 1 2 days at 4® 
C. It was then spun at 30 OOOg for 15 mins and the supernatant mixed with 9 vol. O.IM 
NaH2P04/lM (NH4)2S04 pH 7.0 (Buffer A) at room temperature and immediately 
centiifuged at 3000 rpm for 15 min. The supernatant was ultrafUtered (YMIG) to about 
4ml and then buffer-exchanged into 0.1M sodium phosphate pH 7.0 (5.0ml); this solution 
had a protein concentration of 1 .7mg/ml by A2S0 analysis. It was treated with dithio bis 
nitrobenzoic acid (DTNB) (8-fold molar excess) for 30 min at room temperature. Free 
thiol content based on A412 measurement and an extinction coefficient (for the free 
thionitrobenzoate ion) of 13 600 was 6uM equivalent to only about 10% derivatisation to 
give Pmduct A . The majority of the product was believed to be [SCRl -3]-Cys where 
the free C-terminal thiol was blocked by reaction with glutathione or 2-mercaptoethanol 
during the refolding stage. 

(d) Alternative method for isolation, refolding, purification and formulation of 
[SCRl-3>Cys 

The method was similar to that described above, except that it more closely 
followed the procedures described in Dodd et al (op ciL). Notably, the ultrafUtered 
retentate post refolding was inunediately treated with ammonium sulphate followed by 
clarification by ccntrifugalion and Butyl Toyopearl chromatography. The resulting 
A280-absorbing fractions that eluted at about 0.2 to 0.4M ammonium sulphate were 
pooled and regarded as Product B . Starting with a nominal lOOmg of fully reduced 
SCRl -3/cys, Product B contained 17mg. The product contained one major species by 
non-rcduccd SDS PAGE with an estimated purity of >90% and an apparent molecular 
weight of 21 000. On the basis of studies with similarly produced preparations it was 
believed to be the S-glutathione and/or S-mcrcaptoethanol derivatised form of the parent 
protein, although at least some batches produced in a similar way or stored for a period of 
time might exist as the free cysteine variant. The product also contained a polypeptide 
with an apparent molecular weight of about 40 000 On the basis of sttidies with similar 
batches of protein enriched in this species it was identified as the dimer of [SCRl-3]-Cys. 

Example 7 Expression and isolation of SCRl-3/switch fusion (SEQ ID NO: 7) 

H^N-tSCR l-a^Asp-Gly-Piw-Lys-Lys-Lys-Lys-Lys-Lys-Scr-Pro-Ser-Lys-Ser-Ser-Gl^ 
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(a) Cc»n8tniction of plasndd pDB1031 encoding SCRl-S/switdi 

Fragment 1 and fragmeia 2 of pDB 1013*5 were the same as Example 6 above. 
Two oligonucleotides, SEQ ID No.3 and SEQ ID No. 4, prepared by Cmachem were 
annealed to give a final DNA concentradon of 100 pmoles/ul. The annealed oligo has an 
BanVEcoRi overtiang and duplicaW the sequence at the 3* end of pDB 1013-5 but in 
addition contains 17 additional codons coding for DGPKKKKiCICSPSKSSGC just before 
the stop codon. TTiis is fragment 4\ 



Fragments 1, 2 and 4 weieiigated with T4 DNA Ugase in a single reaction to give 
pDB 1031. The ligated plasmid was transf omed into competent E. coU JM 1 09. 
10 Resulting colonies were analysed by\iestriction endonuclease digestion and DNA 

sequencing confirmed that the encoded amino acid sequence of SCR 1-3 (SEQ ID 27 of 
WO 94/0057 1 ) had been altered by C terminal addition of amino acids 
DGPKKKKKKSPSKSSGC to give SEQ ID NO: 7. 

15 (b) Expression of SCRl-3/switch from pDBlQ31 

pDB1031 was transformed into calcium chloride competent E, coU BL21(DE3) 
and resultant colonies were isolated and checked for plasmid content To express 
protein from pDB1031 in £. coli BL21(DE3), a single colony was inoculated into 10 ml 
LB-phosphate media (20g^ tryptone, 15g/L yeast extract, 0.8g/L NaQ, 0.2g/L 

20 Na2HP04, 0. Ig/L KH2PO4) containing 50ug/ml ampicillin. The culture was grown for 
6 hours at 37%, 230 r.p.m. before being used to inoculate 100 ml of the same media 
containing 50 ug/ml ampiciUin. Growth was under the same conditions overnight 25 
ml of each culture were then used to inoculate 600 ml of the same media with 50 ug/ml 
ampicillin in 3 L erienmeyer flasks. Cells were grown to an OD of 0.8 - 1.0 at A500 nm. 

25 IFTG (isopropyl B-D galactopyranoside) was added to a final concentration of 1 mM and 
cells allowed to continue growth for a further 3-4 hours before harvesting by 
centrifiigalion at 8000 g/10 min. The cell pellet was frozen at -40 degrees C. 

(c) Isolationf refddingt purification and formulation of SCRl-3/switcli 

30 The methods described are essentially those detailed in Dodd I. et al (1995) 

Protein Expression and Purification 6 727-736, with some modifications. 

i) Isolation of sdubiUsed indiision bodies 

Hie frozen cell pellet of £. co//BL21(DE3) (pDB1031) was thawed and 

resuspended in 50 raM Tris/50 mM NaCl/1 mM EDTA/0. 1 mM PMSF pH 8.0 at a ratio 
35 of 33 ml for each litre of culture pellet The suspension was transferred to a glass beaker 

surrotmded by ice and sonicated (Heat systems - Ultrasonics W380; 50 x 50% pulse. 

pulse time ^ 5 sec.) for typically 3-6 minutes. The disrupted pellet was then frozen and 
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stored at -SO^C. Appfox. Id later the sonicate was thawed and centrifuged at approx. 
8000g for 20 min. The pellet was rcsuspended in 20 mM Tiis/SM urca/1 mM EDTA/50 
mM 2-mercaptoethanol pH 8.5 (240ml) at room temperature by vigorous swirling, then 
left for Ih at room temperature followed by 5 days at 4° C, 
5 ii) PreUminary purificatloii using SP-Sepharose 

To the viscous solution was added SP-Sepharose FF (approx. 30g wet weight) 
that had been water washed and suction dried. The mixture was swiiled vigorously and 
left static for approx. 2h at room temperature. The supernatant was decanted, sampled 
and discarded. The remaining slurry was resuspended to a oniform suspension and 
10 poured into a glass jacket and allowed to settle into a packed bed. The column was 
equilibrated with 0.02M Tris/8M uiea/0.05M 2-merc2^)toethanol/0.001 M EDTA pH 
8.5.ai 4'*C. When the A28O of the eluate had stabilised at baseline, the buffer was 
changed to equilibration buffer additionally containing IM NaCl. A single A28O P^^^ 
was elated by the IM NaCl-containing buffer; the volume was approx. 50ml. The 
15 protein concentration of the solution was estimated by A28O determination, using a molar 
extinction coefficient of 25000 cm ', of a sample that had been buffer-exchanged 
(Sephadex G25) into 50 mM formic acid. This showed the product had a protein 
concentration of 2.8mg/ml. Analysis by SDS PAGE/starn showed a major band (approx 
80%) at about 23 OOODa. The solution was stored at -40*C. 
20 iii) Folding and further processing 

14ml of the SP-Sepharose-purified product was added gradually over a 1 min 
period to 430 ml fteshly prepared, cold 0.05M Hepes/2 M sodium cWoride/lmM EDTA 
pH 8.0 with continuous swirling, and left static for 1 h/40C. Reduced glutathione (GSH) 
was added to 1 mM and oxidised glutathione (GSSG) was added to 0.5 mM. The 
25 solution was clear and was left static approx 2-30C for 3 d. The solution was then 
ulo^tered using a YMIO membrane to a final retentate volume of about 34 ml; the 
retentate was slighdy cloudy. It was then spun at 25 OOOg for 15 mins and the 
supernatant buffer-exchanged into O.IM sodium phosphate pH 7.0 (46 ml). This 
fraction contained 2 mg of protein on the basis of an A280 determination. The solution 
30 was mixed with DTNB (20mM; 0.65ml) for 20 min at 4 degrees C and then ultrafiliered 
to 2.4ml. This retentate was buffer-exchanged into O.IM sodium phosphate pH 7.0 
(3.0ml) and stored at -40 degrees C. Absorbance measurements at 4 12nm on the 
solution prior to ultrafiltration suggested 25% derivatisation with DTNB. 

35 



-37- 



(d) Alternative Isolation, refoldingy purification and formulation fSCRl- 
3/swltcfa 

The method was similar to that described in (c) above^ except that following the 
ultrafdtration step after refolding it more closely followed the procedures described in 
5 Dodd et al (op dt). Notably, the ultrafiltered letencate post refolding was immediately 
treated with ammonium sulphate followed by clarification by centrifagation and Butyl 
Sepharose chromatography. The resulting A280-absorbing fractions that eluted at about 
0^ to 0.4M ammoniimi sulphate were pooled and regarded as initial product Additional 
treatment with TCEP essentially as above, foUowed by DTNB yielded a Hnal product at 
10 lOuM flnal protein concentration. The fmal product contained one major species by 
non-ieduced SDS PAGE with an estimated purity of >90% and an apparent molecular 
weight of 23 000 and contained about 2 moles TNB per mole of protein. 



20 



Exampl^ 8 Preparation of [SCRl-Sl-Cys-S-S-EMSM^F-l] (SEQ ID NO: 8) 

H2N4SCR i-3].Cy»-OH 



S 
I 

N-(myristoyl).GIy-Ser-S«r-Ly»-S€r-Pr(>-Ser-Lys-Ly»-Ly»-Lys-Ly»-Lys^ 



<a} Product A of Example 6(c) (l.Sml) was treated with dithiothreitol (30 ul of 0.2M 
in water, final concentration lOmM) for 60 min at 4*0 to give the free peptide SEQ ID 

25 NO 6. The yellow solution was gel filtered at 4°C on a small column of Sephadex G-25 
(PD-10. Pharmacia) into 0.05M Hepes.HCl buffer pH 7.5 (3.0ml). The slightly cloudy 
solution was mixed with a solution of MSWP-1 (Example 2) (3.8mM dithiopyridyl 
equivalents, 150 ul) to a final concentration of 0.1 8mM (-8 molar equivalents). The 
mixture was held for 2h on ice and then gel filtered as before but using 2 PDIO columns 

30 (1.6 nil applied. 3.2ml eluted). The fmal eluate was not cloudy and was stored frozen at - 
70^C in aliquots of 0.4ml. 

(b) [SCRl-31-Cys protein product B described in Example 6(d) (1.5ml; 3 luM 
protein) was nuxed with TCEP (20mM; 0.007ml) and incubated at room temperature for 
35 23 h to give the free protein SEQ ID NO: 6. MSWP-1 (Example 2) (lOmM; 0.093ml) 
was added and the solution incubated for a further 4 h. 0.75ml of the fmal solution was 
buffer-exchanged into 50mM formic acid and aliquots left in solution or lyophilised. 
The product was >80% pure by SDS PAGE and had an apparent molecular weight of 23 
000, cleariy shifted from the original parent molecular weight of 21 000. The 
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lyophilisate was easily soluble in 50mM fonnic acid at an estimated protein concentration 
of 2nig/ml. 

(c) [SCR 1 -33-Cys protein product B described in Example 6(d) (21 .6ml; 3 1 uM 
5 protein) was mixed with TCEP (20mM; 0. 1 ml) and incubated at room temperature for 
22h to give the free protein SEQ ID NO 6. MSWP-1 (20mM in 0AM sodium phosphate 
pH 7.0; 0.67ml) was added and the solution incubated for a further 4 h. All 22ml was 
buffer-exchanged into 50mM fonnic acid using Sephadex G50 (Vt 160ml). Three A280 
peaks were obtained. The first one, eluting at volume 56 • 106ml. was the titie 
10 compound according to SDS PAGE analysis. The fraction was aliquoted and aliquots 
stored at - 40 degrees C or lyophilised. Amino acid analysis of the pre-lyophilisation 
solution indicated a protein concentration of 0.42mg/ml. A280 (1cm path length) was 
0.44. C8 reverse phase HPLC and SDS PAGE both indicated a purity of approx 80%, 
The latter technique showed the major band had an apparent molecular weight of 23 000, 
15 clearly shifted from the original parent molecular weight of 21 000; on reduction the 23 
000 band shifted to two bands with molecular weights of approx 21 000 and approx 5 
000, The lyophilisate was easily soluble in 50mM formic acid or in PBS 'A* (Dulbecco) 
at a protein concentration of 6mg/ml. 

20 (d) fSCRl-3]-Cys-S-S-[MSWP-ll from (c) was divided into 0.3 ml aUquou and 
freeze-dried. Individual aliquots were resolubilised in 50mM formic acid (0.3ml or 
0.039ml). 

Example 9 Preparation of (SCIU-3/switcti fusion]disulphide linked to [MAET] 
25 (SEQ ID NO: 31) 

H2N-(SCR l-31-Asp-Gly-Pi^Ly8-Lys-Ly».Ly»-Lys-Ly»-Sfr-IVo-Ser-Lys-Ser-to 

CH3(CH2)uCONH-(CH2)2-S^ 

30 Title compound can be synthesised using TNB-activaied SCRl-3/switch (SEQ ID 

NO: 7) prepared as in Example 7(d). The TNB-activated SCRl-3/switch is mixed with a 
molar excess of MAET (Example 1), which might be typically made up at 2.0mg/ml in 
DMSO, equivalent to about 3mM free thiol. Typical reaction conditions would be 1 to 4 
hours at room temperature or overnight at 4 degrees C using a protein concentration of 1 

35 to 100 uM. The reaction may be monitored by checking the generation of yellow colour, 
which is caused by the release of free TNB ion. Once the reaction is complete the 
solution may be buffer exchanged into a suitable buffer, for example 0. IM sodium 
phosphate pH 7.0, and stored at - 40 degrees C until required. 
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10 NKMyi^to;l)-)Gly-Scr-Sci^Lys-Scr^IVo-Sei^Lys-Lys-L]rs-Lys-Lys-L 
Method (a) 

0.02ml of MSWP-1 (Example 2. lOmM in O.IM sodium phosphate pH 7.0) was 
mixed with 0.005ml of TCEP (20mM in 50mM Hepes) and left for 10 min at room 

15 temperature. The resultant solution was Solution A containing the myristoylated peptide 
of SEQ ID NO: 5. TNB-activated SCRl-3/switch (SEQ ID NO: 7) prepared in a similar 
way to that described in Example 7(c) (O.SnU; 15uM in O.IM sodium phosphate pH 7.0) 
was mixed with 0.0056ml of Solution A to give a theoretical MSWP-SH molar excess of 
five-fold over protein. The mixture was left for 4h at room temperature followed by 1 8h 

20 at 4 degrees C. Analysis by SDS PAGE followed by protein staining indicated one 

major band at apparent Mf 23K« corresponding to unreacted protein, and a minor band at 
apparent Mf 26K, corresponding to title protein: 

Method (b) 

25 TNB-actlvatcd SCnil-3/switch product (SEQ ID NO: 7) (lOuM; 0.43ml) 

prepared in a similar way to that described in Example 7(d) was mixed with TCEP 
(5mM; 0.0026m]) and incubated for 17h at room temperature to yield the free fusion 
protein SEQ ID NO: 7. MSWP-1 (lOmM; 0.0086ml) was added and incubation was 
continued for a further 4h. Small particles or crystals were present in the solution, but it 

30 was otherwise clear. The particulate solution was buffer-exchanged into 50mM formic 
acid ( 1 .0ml), aliquoted and frozen. Analysis by SDS PAGE under non-reducing 
conditions showed a number of bands, which included a species with an apparent 
molecular weight of 25 000 - the target species. 



35 
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iple 11 Preparation of [CRl: l*1929]-Cys-S-S-[MSWP-l] (SEQ ID NO: 10) 

H2N.[CRl(1.1929)].Cys.OH 




S 

I 

s 



N-(myrtetoyI>^ly-Sei^Ser-Lys-Ser-Pro-Ser-LyB-Ly»-LyB-Lys-Lys-Ly»-Pr^ 



10 Human complement receptor 1 (CRl, CD3S) is a known regulator of complement 

activation which has been produced iii a recombinant soluble form containing all of the 
extracellular SCR domains of a major natural allotype (Fearon et al, WO 89/09220, WO 
9 1/05047). This form (sCR 1 ) has been expressed as an active protein in Chinese 
Hamster Ovary (CHO) cells. Mutagenesis of the DNA sequence immediately 

15 downstream of the codon for Cys- 1924 is performed to generate a new C-terminal 

cysteine residue. 



A suitable example of a t^odified terminus of the cDNA sequence of sCRl is as 
follows: 

(5909) Bal 1(5914) 

20 CCT CTG GCC AAA TGT ACC TCT CGT GC A CAT TC3C TGA 

The codon Asp- 1930 in CRl is replac^ by that for a Cysteine (followed by a stop codon 
to generate a soluble protein) through lisation of a modified oligonucleotide to the unique 
Bal I restriction endonuclease site at posit(on 5914 (numbering from Fearon et al. 
1989,1991). 



25 Expression of this modified cDNA in CHO cells and isolation of the product by 

standard chromatographic procedures generates a niodifted sCRl protein which can be 
seated as in Example 8(a), (b) or (c) to couple it to MSWP-1 (Example 2) to yield the 
title compound. 

Exam^ 12 Preparation of ISCRl-3]-Cys^S-[MSWP.2] (SEQ ID No. 11) 
H2N-[SCR l-3)-Cys-OH 




35 

N-«cetyl-C^-Asp-Gly-Pro-Ly5-Lys-Lys-Lys-Lys-Lys-Ser-Pro-SerLys-Ser-Ser-Lys-(N- 
MyrlstDyl>.NH2 

40 lSCRl-3]-Cys protein (SEQ ID NO: 6) prepared in a similar way to that 

described in Example 6(d) (46uM protein; 0.20ml) was mixed with TCEP (5mM; 
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15 



0.0054ml) and incubated at room tempemure for approiL. 20h. 0.05ml of this solution 
was mixed with 0.025ml of O.IM elhanolamine and 0.003ml of MSWP-2 (see Example 
3; 5mM in DMSO; ); the solution was incubated for a further 3h at room temperature. 
SDS PAGE analysis showed the major band in the preparation had an apparent molecular 
weight of 23 000, clearly shifted from the original parent molecular weight of 21 000. 
The purity of the target protein was estimated from the SDS PAGE gel to be approx 
80%. 

Eacample 13 \Preparatioii of [SCRl-3).Cys.S-S-[MSWP-3] (S£Q ID No. 12) 

H2N-ISCR l-ai-Cys-OH 

s 

I 

s 

I 

N-(Myristoyl).Scr\Ly5-Asp^Iy.Lys-Lys-Lys-Lys-Lys>Lys-Ser-Lys-Thr-Lys-Cys.m 




[SCRl-3]-Cys protein (SEQ ID NO: 6) prepared in a similar way to that 
described in Example 6(d) (46uM protein; 0. 1 Oral) was mixed with TCEP (5mM; 

20 0.0037ml) and incubated at room temperature for approx. 18h. 0.01ml of 0.5M 

ethanolamine was added. 0.03ml of this 0. 1 1ml solution was mixed with 0.0032ml of 
MSWP-3 (see Example 4; 2mM in O.IM sodium phosphate pH 7.0); the solution was 
incubated for a further 3h at room temperature. SDS PAGE analysis showed the major 
band in the preparation had an apparent molecular weight of 23 000, clearly shifted from 

25 the original parent molecular weight of 2 1 000. The purity of the target protein was 
estimated from the SDS PAGE gel to be approx 80%. 




ExampM 14 Preparation of [SCRl-3]-Cys-S-S-[TCPT-l] (SEQ ID No. 13) 
H2N-ISci 1-31-Cys.OH 

S 
I 

S 
I 

35 N-acct^Cys^r-Ala-Ala-Pro'te.Scr-Giy.PlM.Ars-Ile.Len-Leu.Lea.Lys.Val. 
NH(CH2)9CHA 

[SCRl-31-Cys protein prepared in a similar way to that described in Example 6(d) 
(46uM protein; 0.08ml) was mixed with TCEP (5mM; 0.0029ral) and incubated at room 
40 temperature for approx. 18h. 0.008ml of 0.5M ethanolamine was added. 0.04ml of this 
0.088ml soluUon was mixed with 0.0029ml of TCPT-l (see Example 5; 2.9mM in 
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DMSO). The TCPT- 1 was added in 6 aliquots over a 2h period to minimise 
aggregation. The solution was incubated for a further 2h at room temperature. The 
final appearance of the mixture was one of a colloidal suspension and centrifugation at 
2000g for 1 min showed that the target protein was compartmentalised in the precipitate. 
SOS PAGE analysis showed the major band in the preparation had an apparent molecular 
weight of about 23 000» clearly shifted from the original parent molecular weight of 21 
000. The purity of the target protein was estimated from the SDS PAGE gel to be 
approx 80%. 

ExamplV 15 Preparation of a Rabbit antl-(hiunan erythrocyte nnembrane) 
antibodyV IMSWP-11 coniugate (RAEM-MSWP-1) (SEQ ID NO: 32) 

\ N^-{(lyslne)-RAEMl-C(sNH)CH2CH2CH2 

\ ^ 

N-<myrktoyl)-Gly-S^S€r-Ly*-Ser-Pro-Ser-Ly8-Lys-Ly9-Lys-Lys-Lys-Pro-Gly.Asp-Cyfi-NH2 

Rabbit polyclonal anii(human erythrocyte membrane) (RAEM) antiserum (Dako. 
Denmaric. 13mg/ml. 0.25ml) was diluted to 1.0ml with 50mM sodium phosphate O.IM 
sodium chloride pH 7.4 (PBS) and u^ated with 30 ul of lOOmM 2-iminothiolane in PBS 
(freshly dissolved) for 30 min at 25**C. These conditions have been shown 
(R.A.G.Sraith & R.Cassels. Fibrinolysis, 2,189-195, 1988) to introduce an average of 2-3 
free thiol groups per molecule of immunoglobulin G. 

The product was purified by gel permeation chromatography on a small 
disposable column of Sephadex G-25m (PD-IO, Hiarmacia. StocWiolm.Sweden) at 4°C. 
2.5ml of the product (total volume 3.0ml, theoretical protein concentration -6.1 uM) was 
treated with MSWP-1 (Example 2, 0,125 ml of 5mM solution in dimethyl sulphoxide, 
final cone -240uM) and incubated at 25°C for 30 min. The product was gel-filtered on a 
PD 10 column as above to give 3.0ml of a solution -5uM in protein. This was stored 

frozen at -70'*C. 

Example 16 Preparationof a corrugate of Streptokinase and MSWP-l (SEQ ID 
No 24) 

\ N-e-{ayslne)-SKl-C(=^^H)CH2CH2CH2 

\ t 

\ t 
N^myrbtoyl)-GW-S«r-Ser-Lys-Ser-Piw-Ser.I-ys-Lys-Lys-Lys-Lys-Lys-Pi^Gly-As^ 
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Streptokinase (SK) stock soluiion (Behiingwerice, Marburg. Gennany, 12.8 
mg/mU 271 uM, 2.5ml) was gel filtered using a PDIO column into 3.2 ml of PBS buffer 
(see Example 15) containing 0.01%w/v Tween 80 [PST buffer]. Freshly made up 2- 

5 ifflinothiolane (64ul of lOOmM) was added and the mixture incubated at 25*=^ for Ih. 
The product was gel filtered in 2 x 1.6ml batches into 2x 3.0 ml PST at 4°C on two 
PDIO colunms. This solution was stored in aliquots of 1.5ml at -75*^. 

Titration of the product with EUman's reagent (0.1 mM in 0.5ml O.IM 
Triethanolamine.HCl pH 8.0) showed that it contained approximately 0.3mM fre^ thiol 

10 groups. This corresponds to an average of 3- 3.5 thiol groups per molecule of SK. 

The stock thiolated SK solution (2 x 0.5ml) was processed by modifying one aliquot with 
MSWP-1 (32ul of 5mM stock in DMSO). incubated Ih at 25**C and gel filtered (PDIO 
column) into 3.0ml PST at 4^C, A control aliquot was processed in parallel without 
exposure to MSWP-1 . Both products contained - 0.8 mg/ml protein based on an 

15 extinction coefficient of 0.76 (mg/ral) ' at 280nm for SK and were stored at -75°C. 



Example Iv Reversible linkage of MSWP-1 to the active centre of Human Tissue- 



N-(nvrt)rtoyl)-GI^-«ei^S«r-Ly»«er-IVo-S«r-Ly»-Ly»-Lys-Ly»-Lys-Lys-Pro-Gly 
The Ihiol-reaciive acyl-enzyme 4-N-[2-N-(3-[2-pyridyldithio]- 
25 ethylcarbonyl)aminoethyl]aminobenzoyl - [Ser-478] human tissue-type plasminogen 

activator [PDAEB->tPA] was prepared by the method of Smith and Cassels (Fibrinolysis, 
2, 1 89- 195. 1988). Tissue plasminogen activator (Actilyse, Boehringer 
Ingelheim.Germany, approx 2mg) was dissolved in the PST buffer of Example 16 
(1.0ml) and treated with 25ul of a 20mM solution of 4'-amidinophenyl 4-N-[2-N-(3-[2- 
30 pyridyldithio]-ethylcarbonyl)aminoethyllaminobenzoate hydrochloride (S3.Kalindjian 
& R.A.G.Smith, Biochem. J, 248, 409-413,1987) in dimethylsulphoxide. The mixture 
was incubated for Ih at 25''C and stored frozen at -80^. It was reduced by addition of 
dithiothreitol (5ul of 0.5M in water) for 30 min at 0"^ followed by buffer-exchange into 
PST buffer (3.0ml) as described in Example 16. The product was divided immediately 
35 into a retained sample (0.6ml) and a reaction sample (2.4ml) which was mixed with 

MSWP-1 (Example 2, lOOul of a 5mM solution in dimethylsulphoxide) and incubated for 
90 rain on ice. The product was buffer-exchanged as above into 3.2ml PST and stored 
in aliquots at -196^. 




Activator (SEQ n> No 22) 

tPA [Ser-478].04^iuoyl.NH(CH2)2NHCCXCH2>2-S 



S 
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Example IS Expression and purification of [$CR1*3}-Cys (SEQ ID 6) from a 
fermentation run. 

(a) Fermentation of £. eoH harbouring the plasmid pDB1030 

A frozen stock of E. coli harbouring the plasmid pDBlOSO was initially prepared 
by plating the culture out onto LB agar plus ampicillin at I00\ig/m\, Iml aliquots were 
preserved in a 10% glycerol / PBS cryopieservative and stored under liquid nitrogen. A 
1ml vial was thawed and was used to inoculate 100ml LB^"" priroary seed medium 
(Difco BactotryptoneJOgr'; Difco yeast extract, Sgl*'; sodium chloride^ 5gr*; pH pre- 
steiilisation 7.4) in a 500ml flask. The piimaxy seed stage was incubated at S'fC for 3 
hours before transfer to the second seed stage, also 100ml LB*^**" per 500ml flask using 
a 1% inoculum. Following incubation as above for a further 4 hours a 1% inoculum was 
transferred to the tertiary seed stage. lOUties LB*^'" in a 151itre Biolafitte fermenter. 
The 10 litres tertiary seed medium was sterilised insitu for 45 minutes at 121*^0 before 
inoculation. Following incubation for 14.5 hours, the tertiary seed was tiransferred to the 
final stage fermenter as a 6% inoculum. Incubation conditions for the seed stage were as 
follows: airflow at lOlmin ' (l.Ovvm), temperature 37**C, agitation at 400rpm {1.9ms"') 
and overpressure 0.2bar. 300 litres Tryptone phosphate medium*^'~(Difco 
Bactotryptone, 20gr*; Difco yeast extract, 15gr*; sodium chloride. Sgl*'; disodium 
hydrogen orthophosphate, 2gr'; potassium dihydrogen orthophosphate, Igl '; Dow 
Coming 1520 aniifoam, O.lgl '; pH pre-sterilisation 7.4) was sterilised in situ for 30 
minutes at 121*C in a 450L Bioengineering fermenter. The fermenter was inoculated 
with 20 litre inoculum from the tertiary seed stage and incubated under the following 
conditions : airflow 450L min ' (l.Swm), temperature 37*C. agitation 230rpm {1.5ms'') 
and overpressure O.Sbar. After an OD,,^^ of 3.5 was obtained, ImM IPTG was added. 
Harvest followed after continued incubation for 2 hours. A ceil slurry was recovered 
after primary centrifugation through a Westfialia CSAl 9 {two discharges). The cells 
were further spun at 4700rpm (7000g) for 30 minutes in a Sorvall RC3B centrifuge. The 
total cell yield (wet weight) was 2.98Kg and was stored at -80 degrees C in approx. 600g 
lots. 

(b) Isolation of Inclusion bodies and purification of [SCRl-3]-Cys 

Inclusion bodies from 100 g (wet weight) cell pellet were isolated and solubilised 
essentially as described in Example 6. The purification of target protein from 
lesolubilised inclusion bodies was also as described in Example 6 with some 
modifications. The major ones were : 

1. The use of Macroprep High S (Biorad) instead of S-Sepharose. 200g of 
matrix was used for lOOg of cell pellet that had been sonicated. 1.4g of approx. 60% 
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pure target protein was produced in the solubilised and partially puriHed fractionon 
bodies. 

2. Refolding of a lOOmg sample of the partially purified protein was carried out 
by diluting the fully denatured protein (2mg/ml) 100-fold in cold 60mM 
ethanolanaine/lmM EDTA. followed by addition of the glutathione redox couple. 

The product of the above process was capable of being modified with MSWP-1 
(Example 2) in a way similar to that described in Example 8. 




Example 19 Expres^on and isolation of [SCRl-3(delN195- 
10 K196)]TNANKSLSSISCQT(SEQIDNO: 14) 



(a) Construction^ plasmid pBC04-29 encoding [SCRl-3(de]N195- 
K196)]TNANKSLSSISCQT 



Plasmid pBC04-29 w^ constructed from plasmid pDB 1013-5 encoding SCRl-3 
1 5 of LHR- A of CR 1 (patent application WO 94/0057 1 ) by QJuickChange site directed 
mutagenesis (Stratagene) according to the manufacturers protocols. Two 
complementary oligonucleotidesu SEQ ID No 15 and SEQ ID No 16 were used to 
generate a novel restriction site (sflent) at G186/P187 and a C terminal cysteine. In the 
event the reaction produced a fram&^shift mutation at position NI95. In the resulting 
20 sequence the C terminal amino acidsVri95 and K 196 are replaced with a 14 amino acid 
peptide TNANKSLSSISCQT. FortuiOrasly, this sequence contains an internal cysteine 
close to the C terminus, preceeded by a s^^acer sequence of 1 1 amino acids. 





25 



(b) Expression of plasnud bBC04.29 encoding [SCRl-3(delN195. 
K196)3TNANKSLSSISCQT inW. coli 



pBC04-29 was transformed into competent E. coli BL21(DE3)pLys-S and 
resultant colonies weie isolated and checked for plasmid content A single colony was 
inoculated into 10 ml LB medium (lOg/L bactotrypione. 5g/L yeast extract, lOg/L NaQ) 
containing 50ug/ml ampicillin. The culture was grown for 6 - 1 8 hours at 37^, 230 

30 r.p.m. before being used to inoculate 1 litre of the same medium containing 50 ug/ml 
ampicillin at a dilution of 1 in 100 in 4 L erlenmeyer flasks. Cells were grown to an OD 
of 0.8 - 1 .0 at A^ nm. IPTG (isopropyl B-D galactopyranoside) was added to a final 
concentration of 1 mM and cells allowed to continue growth for a further 3-4 hours or 
overnight before harvesting by centrifugation at 8000 g/10 min. PfeUet from IL of 

35 culture was stored at -800C. 
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^S€lUiti n and purification f '^CRl-3(de lN19S-K196)]TNANKSLSSISCQF 

The methods are essentially those detailed in Dodd I. et &l {T99STTrQVStSi 



V 



Expression and Purification 6 727-736. subsequently modified as described in 
Example 18. Briefly, the cell pellet from IL of culture from (b) was nesuspended in 
5 buffer, sonicated and the inclusion bodies isolated by centrifiigation. The inclusion 

bodies were lesolubiiised in 100 ml of fiilly reducing buffer and target protein purified on 
Macroprep High S (30g wet weight). Product (27ml at nominal l.Smg^ml) that eluted 
firom the column in the IM NaCl-containing buffer was refolded by dilution into Z5L 
cold 60mM ethanolamine/lmM EDTA, with the glutathione redox agents added at Ih. 

1 0 After 3d at 4 degrees C the solution was ultrafiltered using a YM 10 membrane and the 
retentate was treated with ammonium sulphate, centrifuged and the supernatant purified 
on Butyl Toyopearl 650M (bed volume 53ml). A single A280 peak was eluted by the 
decreasing ammonium sulphate gradient SDS PAGE under non-ieducing conditions 
followed by protein staining revealed a major polypeptide with an apparent molecular 

15 weight of 22 000. believed to be the target protein. One of the contaminating 

polypeptides had an apparent molecular weight of about 40 000. which was identified as 
the dimer of the monomeric form of the target by comparison with adjacent markers of 
[SCRl-3]-Cys. The product had an estimated protein concentration of 30uM. 




20 Preparation of [SCRl-3(delN195-K196)]TNANKSLSSISC-{-S-S* 
(/ [MSW^-1])QT (SEQ ID No. 17) 

|SCR l-3<delN19S-K196>1-Thr-Asii-Ala Asn- Lys-Ser-Leu-Scr-Scr-Ile-Ser^Cys-Gin-Thr 

I 

S 

25 I 

s 
I 

N-iroyrtetoylVGly-Scr-Scr-Lys-Ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-PnHGly-^ 



V / 30 [SCRl-3(delN195-K196)]TN;ysiKSLSSISCQT prepared as described in Example 
J9 (approx. 30uM protein; 0.1ml) wasWed with TCEP (5mM in 50mM Hepes pH 4.5; 
0^ 0.0072ml) and incubated at room tempefature (22 degrees C) for 15h. 0.05ml of this 
V \ solution was mixed with 0.005ml of 0 JfNf^thanolamine and 0.003ml of 7mM MSWP-1 
(see Example 2); the solution was incubated, for a further 4h at room temperature. SDS 
35 PAGE analysis showed a major band in the pteparation had an apparent molecular weight 
of 25 OOP, clearly shifted from the original pare^pt molecular weight of 23 (X>0. 
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Example 21 Preparation of [SCR1-33DGFSEILRGDFS$C (SEQ iUNo.2 J J 

<a) Construction of plasmid pBC04.31 encoding (SCR]-3]I>GPSEILRGDFSSC 

Plasmid pBC04.31 was c nsmicted using plasmid pBC04'29 (described in 
Example 19) and a synthetic oUgonacieotide pair (SEQ ID No. 25 and SEQ ID No. 26). 
pBC04-29 was digested with the restridion enzymes HindHI and Apal and the lazf e 
fragment (2170bp) isolated. The two oligonucleotides were annealed by wanning to 
>90oC and slowly cooling to room temperature and ligated with the DN A fragment 
The ligated DNA was transformed into competent E, coli XLI-Blue. Colonies were 
analysed for plasmids in which the oligonucleotides had been inserted by looking for the 
presence of a novel Aval ^te at position 2733.\Qn digestion with Aval pBC04-31 
yielded fragments of 231 1 and 49Sbp. DNA from positive clones was used to transform 
the expxession strains. The oligonucleotides insened added the peptide sequence 
DGPSEILRGDFSSC to the C terminus of SCRl-3 a^d also repaiied the frame-shift error 
seen in pBC04-29. 




15 



20 





(b) ExpressioI^ isolation and purificatioriyof [SCR1-3]DGPSEILRGDFSSC 
Expression, isolation and purification of (SCR1*3]DGPSEILRGDFSSC is 
carried out using pBC04-31 by procedures generally described in Example 6. 



plfe 22 Preparation of [SCRl-3]I>GPSEILRGDFSSC-(-S-S-[MSWP.l]) 
tSEQID\o.24) 

H^fSCR l-3}-Asp-Gly-Pro-Ser-Glu-Ik-Leu-Arg-Gly Aap-F]ie<^-Ser-Cy5-OH 



25 



N-(myi^toyI>-Gly-^cr-S«r-LyB.S«r.Pri>-Scr-Ly»-Ly8-Ljs-Lys-Lys-Ly9-Pro-Gly^ 




[SCRl-31 DGPSEILRGDFS 
described in Example 21 is reacted with 
tide compound. 



ISCprotein pn 
(vith^tfSWP-l 



prepared in a similar way to that 

as described in Example 8 to give the 



Example 23 Preparation orrSCRI.3] AAPSVIGFRILLLKVAGC (SEQ ID No. 33) 
(a) Construction of plasmid pBC04-34 encoding (SCRl-3] 

AAPSVIGFRILLLKVAGC \ 
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Plasmid pBC04-34 was cor^tnicted using plasmid pBC04-29 (described in 
Example 19) and a synthetic oligonucleotide pair (SEQ ID No. 34 and SEQ ID No. 35). 
pBC04-29 was digested with the restfiction enzymes Hindlll and Apal and the lar^e 
firagment (2170bp) isolated. The two oligonucleotides were annealed by wanning to 
>90OC and slowly cooling to room temperature and were Ugated with the DNA fragmenL 
The ligated DNA was transformed into competent E, coli XU-Blue. Colonies were 
analysed for plasmids in which the oligonucleotides had been inserted by looking for an 
increase in size of the Ndel/HindlU fragmont by 59 base pairs. The presence of the 
cysteine codon was determined by the piesenlce of a Ddel site at position 278 1. pBC04- 
34 digested with Ddel yielded diagnostic bands of 4S1 and 109bp DNA from positive 
clones was used to transform the expression str£dns (see next section). The 
oligonucleotides inserted added the peptide sequd^ce AAPSVIGFRILLLKVAGC to the 
C terminus of SCR 1-3 and also repaired the fram^shift error seen in pBC04-29. 



15 (b) Expression4solation and porfication of [SCRI-3]APSVIGFRILLLK:VAGC 

Expression isolation and purification of [SCR 1-3] APSVIGFRILLLKVAGC is 
carried out using pBC04-34 by procedures generally described in Example 6. 




Exampk 24 Preparation of [SCR1-3]AAPSVIGFRILLLKVAGC -(-S-S-[MSWP- 
'20 1]) \ (SEQ ID No. 36) 

H2N-[Sm l^VAI»-AU-IW^r-Val-ne.Gly-Pfa«-Arg-Ile-Leu-Lcu.Lcu-Lys-V«|.Arg-Gly-C7S-OH 



25 S 

I 

N-<myrl5toyIVGIy-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Ly»-Pro-Gly-Asp-Cys-NH 




[S&Rl -3] AAPSVIGFRILLLKVAGC protein prepared in a simUar way to that, 
30 described inVExaraple 23 is reactedvwith MSWP- 1 as described in Example 8. 
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Biolosical Activity 

(D Antl-compleiiient Activity Measured by the OassiGal Pathway-mediated 
Haemolysis of Sheep Erythrocytes 

(i) Functional activity of complement inhibitors was assessed by measuring the 
5 inhibition of complement-mediated lysis of sheep erythrocytes sensitised with rabbit 
antibodies (Diamedix Corporation, Miami, USA). The assay is designed to t>e specific 
for the classical pathway of complement activation. Human serum diluted 1 :500 or 
1:400 (Hnal concentration in assay mixture) in 0.1 M Hepes/0.15 M NaCl/0.1% gelatin 
pH 7.4 was used as a source of complement The serum was prepared from a podl of 
10 volunteers essentially as described in Dacie & Lewis, 1975, Briefly, blood was warmed 
to 37^ for 5 minutes, the clot removed and the remaining serum clarified by 
centrifugation. The senim fraction was split into small aliquots and stored at - 196^0 or 
•80%. Aliquots were thawed as required and diluted in the Hepes buffer immediately 
before use. 

15 Inhibition of complement-mediated lysis of sensitised sheep erythrocytes was 

measured using a standard haemolytic assay using a v-bottom microtitre plate format as 
follows: 

50 ^1 of a range of concentrations of inhibitor diluted Ln Hepes buffer were mixed 
with 50^11 of the diluted serum and 100 ^ of sensitised sheep erythrocytes and then 

20 incubated for 1 hour at 37^C, Samples were spun at 1600rpm at ambient temperature 
for 3 minutes before transferring 150 yd of supernatant to a flat bottom microtitre plate 
and determining the absorption at 405 or 410 nm. Maximum lysis (Amax) was 
determined by incubating serum with erythrocytes in the absence of any inhibitor. 
Background lysis (Ao) was determined by incubating erythrocytes in the absence of any 

25 serum or inhibitor. Inhibition was expressed as a fraction of the total cell lysis such that 
IH50 represents the concentration of inhibitor required to give 50% inhibition of lysis. 

% inhibition = 1 - \ (A - AoW( Amax - Ao)] 
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Results 



Compound 


IH50 


WO94/00571 
SEQ ID NO 27 


0.2 -0.3 ug/ml [10-15 nM](l) 


Example 6* 


0.65 ug/ml [30nM] (mean of two) (2) 


Example 7* 


0.3-1.0 ug/ml [15-50nM] (n = 3) 


Example 8a 
Example 8b 
Example 8c 
Example Sd"*" 


0.014 ug/ml [ 0.6 nM] ) 
<0.001 ug/ml {< 0.04nM] ) (3) 
0.001 ug/ml [0.043 nM] ) 
[0.06nM] ) 


Example 10a 
Example 10b 
Example 12 
Example 13 
Example 14 


0.02 ug/ml [0.8nM] 
-0.01 ug/ml ['-0.4nM] 
-0.0016 ug/ml [0.07 nM] 
-0.009 ug/ml [0.4nM] 
-1.1 ug/ml [SOnMl 


Example 19 


[4nM] 



* As 2-mercaptoethanol/glutathione derivatives 

+ Assay of the two solutions and the original pre-lyophilisation solution from Example 



5 8d. 

Other IH^Q values generated for similar batches include: 

(1) 15nM 

(2) 8nM, 5nM, 8nM, 4nM 

(3) 0.3nM, 0.2nM, 0.07nM» 0.06nM, 0.2nM, 0.4nM, 0.5nM, 0.6nM. 

10 

The above data show that: 

1 . The complement inhibitory activities of the 'base* protein (SCR 1 -3 of human 
complement receptor 1 of WO94/00571) and its derivatives with eitiier an additional C- 
terminal cysteine (SCRl-3/cys, Example 6) or a single cationic 'switch' sequence (SCRl- 

1 5 3/switch, Example 7) are similar. 

2. However, incorporation of two membrane binding elements (electrostatic switch 
and myristoyl) by addition of MSWPs-1, 2 or 3 (which contain both elements) to SCRl- 
3/cys or three membrane binding elements by addition of the MSWP-1 to the SCRl- 
3/switch construct results in products which are significantiy more potent (-20-200x) 

20 than the base or single membrane binding element proteins. The use of TCTP-1 which is 
targeted to membrane elemenu found in CD3-positive cells and not to erythrocyte 
membranes gave a conjugate of similar potency to SCRl-3 derivatives with no or single 
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membcane addresses. Thus, the increases in potency in an assay which depends on an 
erythrocyte membrane event (cytolysis by the membrane attack complex of complement) 
can be attributed to membrane targeting of the cytolysis inhibitor proteins by the 
combination of two membrane binding elements. 

5 

(ii) Assay of anti-complement activity in flie dassifal pathway haemolytic assay: 
activity In the sera of domestic pig» guinea pig, rat and marmoset 

The activity of [SCRl-3]-Cys-S-S-[MSWP-l] was examined in the classical 
pathway haemolytic assay using the sera of pig, guinea pig. rat or marmoset The 

10 methodology was essentially as described in 0) with minor modifications, for example 
small changes to the concentradon of serum used. [SCRl-3]-Cys-S-S-[MSWP-l] was 
prepared essentially as described in Example 8c. The IH50 values for the different sera 
were: pig, 0.2nM; guinea pig, 0.3nM; rat 0.4nM; marmoset 0.2nM. These results 
show that [SCRl-3]-Cys-S-S-[MSWP-l] is capable of inhibiting classical pathway 

15 complement inhibition in the sera of a variety of animal species. 

(II) Anti-complement Activity Measured by Alternative Patfaway-nnediated 
Haemolysis of Guinea Pig Erythrocytes 

Functional activity of complement inhibitors was assessed by measuring the 

20 Inhibition of complement mediated lysis of guinea pig erythrocytes essentially as 
described by Scesney, S. M. et ai (1996) J. Immunol. 26 1729-1735. The assay is 
designed to be specific for the alternative pathway of complement activation. Human 
serum prepared from a pool of volunteers essentially as described in Dacie & Lewis, 
1975 was used as the source of complement Briefly, blood was warmed to 31^C for 5 

25 minutes, the clot removed and the remaining serum clarified by centrifugadon. The 
senmi fraction was split into small aliquots and stored at -196^ or -80^. Aliquocs 
were thawed as required and diluted in 0.1 M Hepes/ 0.15 M NaCl / 0.1% gelatin / 8 mM 
EGTA / 5 mM MgCl2 pH 7.4 (buffer A) immediately before use. Guinea pig 
erythrocytes were prepared from guinea pig whole blood collected into EDTA-coated 

30 tubes as follows. The blood was spun at 1600 rpm for 5 min and the erythrocyte pellet 
washed 3 times with 0.1 M Hepes/ 0.15 M NaCl / 0.1% gelatin pH 7.4 until die 
supernatant of the spin was essentially colourless. The erythrocytes were fuially 
resuspended to the original volume of blood used and were stored at + 4 degrees C. 
They were used within 2 weeks. 

35 50 pi of a range of concentrations of inhibitor diluted in buffer A in a v-bottom 

microtitre plate were mixed with, first 100 ^l of serum that had been diluted 1:3 and 
second. 50 \iX of guinea pig erythrocytes (diluted 1:49 in buffer A) and incubated for 1 
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hour at 37%. The plate was spun at 1600 rpm for 3 minutes before cransfeiring 150 ^1 
of each supernatant to a flat bottom microtitFe plate and determining the absorption at 
405 lun, which reflects the amount of lysis in each test solution. Majumum lysis (Amax) 
was deteimined by incubating serum with erythrocytes in the absence of any inhibitor 
5 Back;ground lysis (Ao) was determined by incubating erythrocytes in the absence of any 
serum or inhibitor. The fmal dilution of serum used in the assay did absorb at 405nm 
but the level of absorbance (approx 10% of Amax) was considered to have a neglible 
affect on the overall assay results and it was ignored in the calculations. Inhibition was 
expressed as a fraction of the total cell lysis such that IH50 represents the concentration 
10 of inhibitor required to give 50% inhibition of lysis. 

% inhibition = 1 - \ (A - AoW (Amax - Ao)] 



Results 

15 Two aliquots (one lyophilised and resolubilised in a neutral buffer, the other not 

lyophilised) of a single batch of of rSCRl-3]-Cys-S-S-rMSWP-l] prepared in a similar 
way to that described in Example 8 (c) were tested in the haemolytic assay. The IH50 
values for the compounds were: 

(SCR1-31-Cys-S-S-[MSWP-1] (not lyoph) 310nM 
20 [SCRl-3]-Cys-S-S-[MSWP-l] (lyoph) 480nM 

The result shows that [SCRl-3]-Cys-S-S-[MSWP-l] exhibited activity against 
the alternative pathway of the complement system and that lyophilisation and subsequent 
resolubilisation of the protein had no affect (within experimental error) on the biological 
activity of the protein. 

25 

(ni) Plasminogen activator assay 

(i) SK-related molecules from Example 16 were assayed using a plasminogen 
activation assay. A solution of purifled human Lys^-Plasminogen (luM m PST buffer 
containing 25%v/v glycerol (PSTG buffer], 0.5ml) was incubated with thiolated SK 

30 (flnal concenu^tion 0. 1 to 1 .07 nM) for Ih at 25'^C, An aliquot of this mixture (lOul) 
was incubated with l.OmM of the plasmin substrate S-2251 (H-D-Val-Leu-Lys-p- 
nitroarulide, KabiVitrum, Stockholm, Sweden) in O.IM Triethanolamine HCl pH 8.0 
(0.5m]) at 25°C. The release of p-nitroaniline was monitored continously at 405iun. 
Under these conditions, one substrate unit (SU) of plasmin activity is defined as the 

35 amount of enzyme giving an increase in optical density at 405nm of 0.001 min'\ Under 
these conditions thiolated SK (InM) generated plasmin at a nearly linear of 422S SU/ml. 
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SK-MSWP-1 conjugate was dUuted 1:100 in PSTG buffer and 5-50ul aliquots 
tested in Che plasminogen activation assay. The stock preparation was found to contain 
approximately 2.9ttM functional SK. 

(U) The potential activity of the acyl-enzyme preparations of Example 1 7 was 
estimated by dilution 25-50 fold into PST buffer and incubation for 2h at 37**C. followed 
by assay using 2mM S-2288 (H-D-De-Pro-Aig-p-nitroanilide 2HC1) under the same 
conditions used in (i) above. Under these conditions* the potential activity of the 
reduced PDAEB->tPA preparation was 2760 SU/ml and that of the MSWP-l/PDAEB- 
>tPA conjugate 535 SU/ml. 

(IV) Erythrocyte binding assays 

(i) Erythrocyte aggregation test for modified and unmodifed Rabbit anti-Oiuman 
erythrocyte membrane) antibody. 

Human pooled erythrocytes (Ortho A2. Rarilan, New Jersey, 3% v/v, 50ul) .were 
added to microtitie plates wells and either unmodified rabbit anti-(human eiytlirocyte 
membrane) anUbody [RAEM] or RAEM-MSWPl conjugate &om Example 15 added at 
concentrations expressed relative to undiluted slock RAEM. Cells were agitated at 
-lOOrpm for 40min at 25**C. 5ul was removed from each well and examined by Ught 
microscopy at x 20 magnification. A visual scoring scale was used as follows: 

- No clumping, cells moving freely relative to each other. 

-I- Small clumps << 1 0 cells) 

++ Larger clumps (100 plus cells) 

+-H-Very large visible aggregates 

Controls (n=6) 
RAEM 1/1100 
RAEM 1/600 

RAEM 1/350 4/- 
RAEM 1/50 ++ 

Conclusion 

The antibody preparation modified to contain a membrane-binding unit was more 
effective at inducing aggregation of cells because binding to the cell membrane through 
MSWPl allowed a higher effective concentration of bridging antibody on the membrane 
surface. 



RAEM-MSWPl 1/3900 +/- 

RAEM-MSWPl 1/1000 +/- 

RAEM-MSWPl 1/357 -M-t 

RAEM-MSWPl 1/62 -H-i 
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(jj) Binding of 12S-IodIne-[SCRl-3]-Cys-S-S.[MSWP.l] to human erythrocytes 

[SCRl-3]-Cys-S-S-[MSWP-ll (2mg/ml in PBS; 0.25ml) was mixed with O.SmCi 
of 125-Iodine (Amersham) in the presence of 9iimoies potassium iodide following the 
lodogen procedure and reagents (Pierce and Warriner (UK) Ud.). The labelling was 
5 allowed to proceed for 20 min at room temperature, the reaction was quenched with 
0.1ml of IM potassium iodide and the solution buffer-exchanged into PBS/0.1% 
albumin. Citrated blood collected from a healthy volunteer was used as a source of 
human erythrocytes. Blood (0.2ml) was mixed with 10 microlitres of appropriately 
diluted 125-Iodine-[SCRl-3]-Cys-S-S-[MSWP-l] (final concentration 700pM) and 
10 incubated for 30min at 37 degrees C. The erythrocytes were then isolated by three 
repeat washings in PBS / centiifugation steps and samples counted in a Wallac 1470 
Wizard gamma counter. The results were as follows: 





SSM 


1st wash^ 


3 600 000 


15 1st pellet 


140 000 


2nd wash 


52 000 


3rd wash 


6 500 


u final pellet 


26 000 



Using values of 5 X erythrocytes per ml of blood and and a specific 
20 nidioacaviiyof2.7X 10^ cpm / nmole for the [SCRl-3]-Cys-S-S-[MSWP-l] it was 

calculated that about 600 molecules of [SCRl-SJ-Cys-S-S-fMSWP-l] bound per cell (the 
value for 'final pellet*). 

(ill) Binding of nuorescein.labeUed-[SCRl-3]-Cy5-S.S*[MSWP-l] to human 

25 erythrocytes 

[SCRl-3]-cys (prepared in a similar way to that described in Example IB) 
(45uM.1.0mg/ml in O.IM sodium phosphate, approx. 0,2M ammonium sulphate pH 7.0 ) 
was partially reduced by incubation at 25% for 18h by the addition of a 4-molar excess 
of Tris(2-cari>oxyethyl)phosphine (TCEP; Pierce & Waniner (UK) Ltd.). The solution 

30 was buffer exchanged into 50mM Hepes pH7.0; post buffer exchange the protein 

concentration was 22uM. The partially reduced [SCRl-3]-cys was incubated with a 4- 
fold molar excess of 6'(fluoFescein-5-carboxamido)hexanoic acid, succinimidyl ester 
(Molecular Probes Inc., USA) and incubated for Ih at 4*^. The excess fluorescent \ab&l 
was removed by buffer exchange of the protein solution into 50mM Hepes pH7.0. 

35 Fluorescein-[SCRI -3]-cys-S-S-[MSWP-l] was synthesised by adding MSWP- 1 

(Example 2) to give a five-fold molar excess over fluorescein labelled protein and was 
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incubated for 4h at 25^ The solution was buffered exchanged into PBS and this 
solution was used for the microscopy studies. 

[SCRl-3],10mg/ml in 50mM f rmic acid, was mixed in a 1:10 ratio with 50mM 
NaHC03 pH8 J; the pH of the solution was adjusted with NaOH to pH9.5. The 
5 fluorescein was extracted from Celite-fluorescein isothiocyante (Celiteifluorescein; 1:10, 
Sigma) by DMSO in a 1:4 (w/v) ratio. The fiuoiescein-DMSO solution was added to 
the-protein solution in a 1 :14 ratio and incubated for Ih at RT. Excess label was 
removed by gel filteration into PBS containing 0.01% Tween-80 and this solution was 
used for microscopy smdies. 
10 Citrated blood was collected from a healAy volunteer and the erythrocytes 

isolated, washed in PBS and diluted 2S0-fold compared to the original blood volume. 
0.05ml of erythrocytes were incubated with 2uM fluorescein-[SCRl-3]-cys-S-S-[MSWP- 
1] or 2uM fluorescein-[SCRl-3] and incubated for 30min at 37^. An eight microlitre 
sample of each incubation was mounted on a slide and viewed on an inverted confocal 
15 microscope (Biorad). The cells incubated with fluorescein-[SCRl-3] showed no specific 
staining whereas with those incubated with fluorescein-[SCR l-3]-cys-S-S-[MSWP- 1] 
^ staining appeared diffusely over the cell surface and also intensely stained patches were 

1^=^ visible on the cell membrane. No labelling was seen intracellularly. 

i:^ 20 (Iv) Binding or MSWP-l/P0A£&->tPA to human erythrocytes 

Human trypsinized and glutaraldehyde-treated red blood cells ( 1 .0ml of a 4% 

suspension) was pelleted by low-speed cencrifugation and lesuspended in a total volume 
;:i of 0.5ml PST containing either no additions or approximately 270 SU of either reduced 

PDEAB->tPA or MSWP- 1/ PDAEB->tPA conjugate of Example 17. The mixtures were 
S| 25 incubated by gentle rolling for 5 min at 23**C and then the cells were pelleted by 

:3 centrifugation followed by two washes with 1.0ml PST buffer. Fmally, the cells were 

suspended in 0.5m] PST and incubated at 37^ . Samples of the supernatant (lOOul) 

were removed after pelleting. Assay using S-2288 (as above ) showed that after 2h, 

approximately 7% of the applied t-PA activity was present in the supernatant of cells 
30 exposed to MSWP- l/PDA£B->tPA whereas only-'2.8% was present in the supernatant of 

cells exposed to reduced PDAEB->tPA alone. No i-PA amidolytic activity was detected 

in controls. 

This experiment suggests that reversible linkage of the active site of t-PA to 
MSWP-1 increases the tendency of this enzyme to bind to red blood cells. 
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(y) Localisation f SK-MSWP-1 coi^ugate on flie surface of human erythrocytes 

A stabilised preparation of human eiythrocytes (trypsinised. glutaraldehyde- 
treated, Sigma, Giliingham.UK, 4% v/v, 0.4ml) was pelleted by centrifugation 
(-2000g/2min) and resuspended in 0.4inl PST buffer with either O.luM thiolated SK or 

5 0. luM SK-MSWP- 1 from Example 1 6, 

The suspensions were incubated for 30 min at 37°C and then washed by two 
cycles of centrifugation and resuspension in PST buffer Finally, they were resuspended 
in PSTG buffer (0.4ml) containing luM plasminogen and incubated and assayed for 
plasmin as described above. 

10 The conuol thiolated-SK generated plasmin at a rate of 522 SU/mU while the SK- 

MSWP- 1 conjugate produced 6184 SU/ml.The latter activity corresponds to around 2100 
thiolated SK molecules/cell. 

(vt) Binding of [SCRl-3]-Cys-S-S-[MSWP-l] to human erythrocyte membranes 
15 4 X 2.0ml of trypsinized, glutaraldehyde-treated human erythrocytes (Sigma, 

R0127) were centrifuged for 2min at about 3000 rpm. The supematants were discarded 
and the cells resuspended in pho^hate/saline/Tween (0.01%) (PST) (Iml per tube) and 
[SCRl-3]-Cys-S-S-[MSWP-l] of Example 8 was added to a fmal concentration of 
20ug/ml to three of the tubes. The mixtures were then incubated at 37 degrees C for 30 
20 min., then washed five times by repeat centrifugation and washing in PST. The cells 
were fmally suspended in 1ml PST and were held at 4 degrees C. 

The ability of these cells to inhibit complement-mediated lysis of sheep 
erythrocytes was measured using the standard classical pathway complement inhibition 
assay described in (I) above. The human erythrocytes were added to the assay at four 
25 different dilutions, followed by the human serum and then the sheep red blood cells and 
incubation at 37 degrees C as usual. The % inhibition data are shown below. 
Fmal dilution human erythrocytes, human erythrocytes, treated with 

1/4 22% 62% 

30 1/16 -8% 88% 

1/256 5% 74% 

1/2500 -7% ,51% 

Thus the percentage inhibition for the [SCRl-3]-Cys-S-S-[MSWP-l]-tieatcd cells 

at maximum dilution was significantly higher than the unureated cells at 1/4 dilution. 
35 The [SCRl-3]-Cys-S-S-(MSWP- l]-treated cells, therefore, contained at least 600-fold 

more complement inhibitory activity than the untreated cells, even though the cells had 

been washed extensively to remove any non-bound (SCR1-31-Gys-S-S-[MSWP-1]. 
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The following methods and examples further illustrate aspects of the 
invention. 

Introduction of DNA into E. coli 

Plasmids were transformed into E. coli XL 1 -Blue (Stratagene), 
HMS174(DE3) (Novagen, UK) or UT5600(DE3) (see below) that had been made 
competent using calcium chloride as described in Sambrook et al, (op.cit.). 
UT5600 was purchased from New England Biolabs (#801-1) and was converted to 
a DE3 lysogen. UT5600 was isolated as a mutant of Kl 2 strain RWl 93^ (itself 
derived from AB1515) which was insensitive to colicin -B (Mcintosh et al. (1979) 
J.Bact. 137 p653). It was not initially known that ompT had been lost, but further 
work by the same group showed that protein a (now OmpT) was lacking (Earhart 
et al (1979) FEMS Micro Letts 6 p277). The nature of the mutation was 
determined to be a large deletion (Elish et al (1988) J Gen Micro 134 1355). 

DNA sequencing 

DNA sequencing was contracted out to Lark (Saffron Walden, Essex UK) or 
MWG (Milton Keynes, UK). 

Production of oligonucleotides 
Oligonucleotides were purchased from Cruachem (UK) or Genosys- Sigma 
(Pampisford, Cambridgeshire UK) 

Polymerase chain reaction amplification of DNA 
Purified DNA or DNA fragments from ligation reactions or DNA fragments 
excised and purified from agarose gels were amplified by PGR from two primers 
complementary to the 5' ends of the DNA fragment. Approximately 0.1-1 mg 
of DNA was mixed with commercially available buffers for PGR amplification 

such as 10 mM Tris pH 8.3 (at 25^0), 50 mM KCl, 0.1% gelatin; MgCl2 
concentrations were varied from 1.5 mM to 6 mM to find a suitable concentration 
for each reaction. Oligonucleotide primers were added to a final concentration 
of 2 mM; each dNTP was added to a final concentration of 0.2 mM. 1 unit of 
Taq DNA polymerase was then added to the reaction mixture (purchased from a 
commercial source, e.g. Gibco). The final reaction volume varied from 20 ml to 
100 ml, which was overlayed with mineral oil to prevent evaporation. Thermal 
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cycling was then started on a thermal cycler such as the PGR machine from MJ 

Research. A typical example of conditions used was 94^C for 5 minute, 55^0 for 

1 minute, and 72 for 2 minutes; however, the optimal temperatures for cycling 
can be determined empirically by workers skilled in the art. The DNA fragment 
was amplified by repeating this temperature cycle for a number of times, typically 
30 times. 

pETlSb vector for DAF expression ~ " ~ 

The pET15b expression vectot is a T7 promotor based vector available 
commercially through No vageA (Wisconsin, USA). Briefly, the vector carries the 
following features which make il a usefril vehicle for the expression of 
heterologous proteins in E. coli; aWlectable antibiotic marker (p -lactamase) 
conferring ampicillin resistance, a oppy of the lad gene providing lac repression 
in strains of E. coli that are lad", anoVthe T7-lac promoter. The T7-lac promoter 
combines the T7 RNA polymerase promoter sequences with the lad repressor 
binding site from the E. coli lactose operon. This reduces expression of the cloned 
gene in the absence of the inducer isopropyl p-D thiogalactopyranoside (IPTG). 
Downstream of the T7 promoter is a multiple cloning site built into a region of 
sequence which codes for a polyhistidine takfSequence. Translation initiates at the 
methionine codon at position 332-330 of the Vector sequence and proceeds 
counter-clockwise to yield the following peptide: 

MGSSHHHHHHSSGLVPRGSH. The six histidine residues allow for purification 
of the fusion protein by metal chelation chromatography, whilst the GLPVR motif 
constitutes a thrombin cleavage site for removal omhe peptide from the ftision 
protein after purification. Three restriction enzyme sites are provided for the 
insertion of cloned DNA in- frame with the polyhistidine leader. These are Ndel 
(CATATG), Xhol (CTCGAG) and BamHI (GGATCcV Use of the Ndel site to 
overlap the methionine initiation codon of the cloned gene removes the possibility 
of unwanted amino acids at the N-terminus of the fusion nrotein. At the 3' end of 
the multiple cloning site is th e T7 transcriptional terminatoV. 

Colorometric determination of protein concentration 
Protein concentration determination utilised a colorometric method utilising 
Coomassie Plus Protein Assay Reagent (Pierce Chemical Company) according to 
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the manufacturer's instructions. The assay used a reference standard of the 

protein of Example 6. 

Identification of proteins by Western blot 

For certain procedures, it is necessary to characterise the expression of 

5 recombinant proteins by an immunological method termed a Western blot. In this 

method, proteins to be analysed are separated by SDS-PAGE, transferred to a 

protein binding membrane such as polyvinylidene di fluoride (PVDF), and then 

probed with an antibody that is specific for the target protein. Typically, the 

binding of the first antibody is detected by the addition of an enzyme-labelled 

10 secondary antibody and an appropriate solution which contains a chromogenic 

substrate. One procedure for the transfer of proteins to a protein-binding 

membrane was as follows. After SDS-PAGE, the proteins on the gel were 

transferred by electrotransfer to a protein-binding surface such PVDF. In this 

■=^" procedure, two sheets of filter paper (3M, Whatman) soaked in 0.3M Tris, 10% 

Co 1 5 (v/v) methanol, pHlO.4, were placed on the anode of an electroblotter (Semi-dry 

;=y blotter, Biorad). These filter papers were then overlayed by a further two sheets 

of filter paper soaked in 25mM Tris, 10% (v/v) methanol, pHlO.4. On top of this 

==p stack of filter papers was placed a sheet of PVDF membrane which had been pre- 

f'=^ wetted in methanol and then soaked in a buffer that comprises 25mM Tris, 10% 

;2 20 (v/v) methanol, pHlO.4. The SDS-PAGE gel was then placed on the top of the 

a PVDF membrane, and overlayed with two sheets of filter paper soaked in 25mM 

Tris, 192 mM 6-amino-n-caproic acid, 10% (v/v) methanol. The cathode of the 

electroblotter was then placed on top of the stack of filter papers, gel and 

membrane, and the proteins transferred by passing a current between the 

25 electrodes at 15V for 30 minutes. Subsequent steps for the detection of the 

transferred proteins were described in the Novex WestemBreeze System 

(Invitrogen). For the detection of human CD 5 9, a rat anfi-CD59 monoclonal 

antibody YTH53.1 (Davies et al, J. Exp. Med. 170, 637, 1989) was used together 

with an enzyme-labeled anti-rat secondary antibody. For the identification of His- 

30 tagged DAF, an anti his-tag monoclonal antibody was used. 

Purification of CD59 from human urine 

Urine was collected into lOmM sodium azide/5mM benzamidine over 

approximately 48hrs. The urine was then passed through a fluted coarse filter to 
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remove aggregates. The urine was then concentrated to approximately ISOmls in 
a PeUicon concentrator fitted with a membrane cassette with a lOkDa MW cut-off 
membrane, hisoluble material was removed by centrifugation at lOOOOxg for 30 
minutes. The supernatant was then applied to a CNBr-activated Sepharose 4B 
5 affinity column prepared with the rat monoclonal anti-CD59 antibody YTH 53.1 
(Davies et al. J. Exp. Med. 170, 637, 1989). The column was washed overnight 
with IM NaCl and bound material eluted with 4M MgCl2. The protein content of 
each 1ml fraction eluted from the column was determined by measuring 
absorbance at OD280nm. The fractions containing the most protein were then 

10 pooled and dialysed through a lOkDa MW cut off membrane into a solution 

containing 0.9% NaCl, and then dialysed by a similar procedure into PBS. The 
dialysed protein was then concentrated using a stirred cell ultrafiltration device 
(Amicon) fitted with a lOkDa MW cut-off membrane. The material may be 
frirther purified by gel filtration in lOmM Hepes, 140mM NaCl, pH7.4, on a 

15 Superdex S-75 fast protein liquid chromatography system (Pharmacia) or 

Sephadex G-75. This method gave a yield of around 7mg pure protein from 20L 
urine. 

Expression and puriflcation of recombinant soluble CD59 from CHO cells 

Soluble CD59 was expressed in a recombinant form from Chinese Hamster Ovary 

20 cells as follows. Briefly, the polymerase chain reaction was used to produce a 

truncated cDNA encoding soluble CD59 from a fiill length cDNA (Davies et al. J. 

Exp. Med. 170, 637, 1989). A mutation was introduced into the cDNA at codon 

1 8 of the mature protein which changed the Asn codon for Ala. The procedure 

for this site-directed mutagenesis can be performed by a number of methods 

25 including the Quickchange mutagenesis kit (Stratagene). To introduce the 

modified gene into the CHO expression plasmid pDR2EFl alpha, the polymerase 

chain reaction was used with two oligonucleotides; the first oligonucleotide was 

complementary to the first seven codons at the N-terminus of the mature CD59 

protein; and the 3' oligonucleotide introduces a termination codon immediately 

30 following the codon for Asn-70 of the CD59 cDNA. These oligonucleotides were 

also designed to contain recognition sequences for restriction endonucleases 

compatible with the polylinker site of the CHO expression vector. The DNA 

fragment resulting from the PCR amplification was ligated into a CHO expression 
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vector and this plasmid transfected with calcium phosphate into CHO cells. Cells 
that had become stabily transfected were selected from untransfected cells by 
growth in medium that contained the antibiotic hygromycin. Individual 
transformants were picked and for each clone the expression of CDS 9 was 
5 analysed by ELISA. The highest expressing clone was chosen for large-scale 
production of CDS 9 using a variety of techniques including the use of cell 
factories (Nimc). 

To purify the CDS 9, the culture medium was precleared by centrifugation 
at lOOOOxg for 30 minutes. The soluble CDS 9 was then purified using an 
10 immunoaffinity column containing the monoclonal antibody YTH53. 1 (Davies et 
al. J. Exp. Med. 170, 637, 1989), as described above. The protein was then stored 

in PBS at concentrations of up to Smg/mL at -70 ^C . 
Preparation of C56 euglobulin 

C56 euglobulin was an essential reagent that was used for the CSb6-initiated 
15 reactive lysis of erythrocytes. C56 euglobulin can be generated in and purifed 

from some acute-phase sera from post-traimia individuals (such as sports injuries, 
surgery or childbirth). Blood was drawn from donors in the acute phase of 
inflammation and allowed to clot at room temperature. To each lOmls of serum, 
O.Smls of yeast suspension was added and the mixture incubated overnight on a 
20 rotator at room temperature. The serum was centrifuged to remove the yeast and 
dialysed against 0.02M Na/K phosphate, pH 5.4. The precipitate (containing the 
CS6 euglobulin) was collected by centrifrigation and redisolved in 0.01 M Na/K 
phosphate/O.OSM NaCl, pH7.0 containing 25% v/v glycerol. 
C5b6-initiated reactive lysis of erythrocytes 
25 Guinea pig erythrocytes (TCS Microbiological, UK) were washed twice in PBS 
and resuspended to 5% by volume in PBS/0.05% CHAPS. 50 ml of these cells 
were placed in the wells of a round-bottomed microtitre plate. Samples to be 
tested were diluted in PBS/O.OS% CHAPS and SO ml of these test solutions added 
to the wells containing the guinea pig erythrocytes. The plate was then incubated 

30 at 37 ^C for 20 minutes to allow binding of the samples to the erythrocytes. The 
microtitre plates were then centrifuged at lOOOrpm for S minutes to pellet the cells 
using a benchtop centriftige. The supematants were removed and the cell pellets 

-62- 



resuspended in 50 ml PBS/1 OmM EDTA. To this cell suspension was added 10 
ml of a C56 euglobulin solution that varied in concentration in different 
experiments from between 1 :50 to 1 :500 dilution in PBS/lOmM EDTA. This 
solution was mixed with the cells by placing the microtitre plate on a microtitre 
5 plate shaker for 2 minutes. To this solution was then added a 90 ml of a dilution 
of normal human serum (from 1 :50 to 1 :500 in PBS/lOmM EDTA). The 
solutions were mixed by placing the microtitre plate on a plate shaker for a further 

2 minutes. The plate was then incubated at 37 for 30 minutes. To determine 
the degree of haemolysis, the plate was then placed in a benchtop centrifuge and 
10 spun at 1800 rpm for 3 minutes. 100 ml of the supernatant was transferred to a 
clear flat bottomed microtitre plate and the absorbance at 410nm measured 
spectroscopically. As controls, guinea pig erythrocytes were treated in an 
identical manner to the test samples with the following exceptions. In the first 
stage of the assay, the control samples were incubated with 50 ml of PBS/lOmM 

15 EDTA for 20 minutes at 37 *^C. After centrifugation, a spontaneous lysis control 
was prepared by resuspending the cells in 150 ml PBS/lOmM EDTA; by contrast, 
for the maximum lysis control, the cells were resuspended in 150 ml water. 
Brief Overview of Examples 25 to 36 
Example 25: Synthesis and characterization of a membrane- targeted 
20 derivative of soluble human urinary CD 5 9 (APT632). 

Example 26: Synthesis and characterization of a membrane- targeted 
derivative of human recombinant soluble CD59 (APT637). 
Example 27: An alternative Method for the production of urinary 
(APT2047) and recombinant (APT2059) human CD59 membrane- targeted 
25 derivatives using linkage through protein carbohydrate. 

Example 28: A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in yeast (APT633). 
Example 29: A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in E, coli (APT635). 
30 Example 30: A method for the preparation of recombinant human CD59 

with a C-terminal cysteine, expressed in baculovirus/insect cells 
(APT2060). 

-63- 



Example 31 : A method for the preparation of recombinant human CDS 9 
with a C-terminal cysteine, expressed in Chinese hamster ovary cells 
(APT2061), 

Example 32: A Method for the conjugation of the membrane-localising 
agent APT542 to APT633, APT635, APT2060 or APT2061. 
Example 33: Synthesis and characterization of APT2057 (Human DAF 
short consensus repeats 2-4). 

Example 34: Synthesis and characterization of APT2058 (Human DAF 
short consensus repeats 1-4). 

Example 35: Synthesis and characterization of APT2160 (APT2058 
derivatized with APT542). 

Example 36: Synthesis and characterization of APT2 1 84 (APT2057 
derivatized with APT542). 

i:n 15 Example 25: Synthesis and characterization of urine-derived CD59 linked to 

i y MSWP-1 (APT632) 

'fj APT632 was synthesized in two steps from soluble CD59 isolated from human 

==P urine (APT63 1 ; SEQ. ID NO: 37) as described in Methods. APT63 1 in PBS (200 

Q |LiL of a 1.9mg/mL solution) was mixed with 2-iminothiolane (2 |iL of a lOOmM 

20 solution) and the mixture incubated at room temperature for 30 minutes. The 
>J solution was then dialysed into PBS to remove umeacted 2-iminothiolane, and a 

Q solution of tris-2-carboxyethyl phosphine (4nL of a lOmM solution in lOmM 

Hepes, pH7.4) added, and the mixture left overnight at room temperature. To this 
solution, 10|iL of APT542 (MSWP-I; 21mM in dimethyl sulphoxide; SEQ. ID 
25 NO. 38) was added and incubated at room temperature for 2 h. The product 

APT632 was characterized by the appearance of a protein species that migrated at 
approximately 21kDa as analysed by SDS-PAGE. A reactive lysis assay 
(described in Methods) demonstrated that APT632, at concentrations greater than 
0.5nM, protected guinea pig erythrocytes from complement-mediated lysis by a 
30 1 :100 dilution of human serum; by contrast, no significant protection from lysis 
was observed with the unmodified form (APT631). 



5 



10 
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Example 26: Synthesis and characterization of recombinant CD59 produced 
in CHO cells linked to MSWP-1 (APT637) 

APT637 was synthesized in two steps from soluble human CDS 9 that is expressed 
in a recombinant form from Chinese hamster ovary cells (APT634; SEQ ID NO: 
5 39). APT634 in PBS (200 of a 300|aM solution) was mixed with 2- 

iminothiolane (6 |iL of a lOmM solution) and the mixture incubated at room 
temperature for 30 minutes. The solution was then dialysed into PBS to remove 
unreacted 2-iminothiolane, and a solution of tris-2-carboxyethyl phosphine (4|j,L 
of a lOmM solution in lOmM Hepes, pH7.4) added, and the mixture left overnight 

10 at room temperature. To this solution, lOjaL of APT542 (21mM in dimethyl 

sulphoxide) was added and incubated at room temperature for 2 h. The product 
APT637 was characterized by the appearance of a protein species which migrated 
at approximately lOkDa as analysed by SDS-PAGE as described in methods. A 
reactive lysis assay (described in Methods),demonstrated that APT637, at 

15 concentrations greater than 0.5nM, protected guinea pig erythrocytes from 

complement-mediated lysis by a 1:100 dilution of human serum; by contrast, no 
significant protection from lysis was observed with the unmodified form 
(APT634). 

20 Example 27: A Method for the Production of CD59 derivatives linked to 
MSWP-1 via a carbohydrate linkage (APT2047 and APT2059) 

APT2047 is a conjugate of APT634 (SEQ ID NO: 39) and APT542 (SEQ ID NO: 
38), and APT2059 is a conjugate of APT631 (SEQ ID NO: 37) and APT542, in 
which the linkage of each pair of compounds is through a modified carbohydrate 

25 moeity on the CD59 protein. APT2047 and APT2059 are synthesized in three 
steps from APT634 or APT631 . The first step involves the reaction of the 
proteins APT634 or APT631 at a concentration of Img/ml with lOmM sodium 
periodate for Ih in the dark, in a solution of O.IM sodium acetate, pH5.5. To this 
mixture is added glycerol to a final concentration of 1 5mM and the solution 

30 placed on ice for 5 minutes. The mixture is then dialysed into O.IM sodium 
acetate, pH5.5 to remove excess sodium periodate and glycerol. In the second 
step, the sodium periodate-treated proteins are reacted with a solution of (4-[4-N- 
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maleimidophenyl]butyric acid hydrazide hydrochloride (MPBH) at a final 
concentration of Img/ml for 2h with stirring. After this procedure, unreacted 
MPBH is removed by dialysis into a solution of O.IM phosphate, pH7.0, 50mM 
NaCl. In the third step of the synthesis, the proteins treated with MPBH are 
5 reacted with a solution comprising a 5 -fold molar excess of APT544 to CDS 9 for 
2h at room temperature to generate APT2047 and APT2059. The synthesis of 
these proteins is confirmed by the appearance of a novel proteinaceous species 
that migrates at approximately lOkDa or 20kDa by SDS-PAGE under non- 
reducing conditions, respectively. In addition, these proteins protect guinea pig 
10 erythrocytes fi-om complement-mediated lysis by human serum at a concentration 
greater than 0.5nM. 

Example 28: A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in yeast (APT633) 

15 APT633 is a protein that comprises soluble human CD59 and a C-terminal 

cysteine residue following position 81 of the mature CD59 protein. The protein 
was expressed in a recombinant form in Pichia pastoris cells. The polymerase 
chain reaction was used to produce a truncated cDNA encoding soluble CD59 
from a full length cDNA (Davies et al J, Exp, Med. 170, 637, 1989). The 5' 

20 oligonucleotide was complementary to 20 bases of the first 7 codons at the N- 
terminus of the mature CD59 protein, and the 3' oligonucleotide introduced a 
cysteine codon and a termination codon immediately following the codon for Ser- 
81 of the mature CD59 protein. These oligonucleotides were also designed to 
contain recognition sequences for restriction endonucleases Xhol and EcoRI 

25 which are compatible with the polylinker site of the vector pUCPIC (a derivative 
of pUC19 that contains the alpha- factor leader sequence and multiple cloning site 
from pPIC9K (Invitrogen). The DNA fi-agment resulting from the PCR 
amplification was then ligated into pUCPIC DNA and transformed into the XLl- 
Blue strain of E. coli (Stratagene). The transfected cells are selected by growth on 

30 a petri dish containing LB medium (Sigma) supplemented with ampicillin at a 

concentration of 100 micrograms/ml (LB AMP). The DNA from single colonies 

was isolated and sequenced as described in Methods. The DNA that encodes the 

alpha factor and CD59 was then subcloned into the vector pPIC9K that had been 
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digested with the restriction endonucleases BamHI and EcoRI. Purified DNA 
from the resulting plasmid was linearised with the restriction endonuclease Pmel 
for transformation into P. pastoris strain GS115 (Invitrogen) by spheroplasting 
according to the manufacturer's instructions. After preliminary selection for 
5 clones that are capable of growth on a minimal RD medium(lM sorbitol, 2% w/v 
dextrose, 1.34% yeast nitrogen base, 4 x 10"^ % biotin, 0.005% amino acids) 
lacking histidine. Clones having undergone multiple integration events were then 
selected by resistance to the antibiotic geneticin sulphate (G418). Clones that 
were capable of growth in medium containing G418 at a concentration of 

10 2mg/mL were screened for expression of CD5 9. Individual colonies were 

inoculated in lOmL BMG medium (lOOmM potassium phosphate, pH6-0, 13.4 
mg/mL yeast nitrogen base, 0.4 mg/L biotin, 1% (w/v) glycerol) and grown at 30 
°C with shaking until clones reached an optical density of 6 as measured 
spectroscopically at a wavelength of 600nm. The cultures were then transferred 

15 to BMM medium (lOOmM potassium phosphate, pH6.0, 13.4 g/L yeast nitrogen 
base, 0.4 mg/L biotin, 0.5% methanol) and grown for 48 h at 30 oC with shaking. 
Culture supematants were then analysed by SDS-PAGE and Western blot for the 
presence of APT633 which was observed as a novel proteinaceous species which 
migrated at approximately SOOODa. 

20 

Example 29: A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in E. coli (APT635; SEQ ID NO: 41) 

APT635 is a protein that comprises soluble human CD59 and a C-terminal 
cysteine residue following codon 81 of the mature CD59 protein (SEQ ID NO: 

25 41). The protein is expressed in a recombinant form in E. coli cells. The 

polymerase chain reaction was used to produce a tnmcated cDNA encoding 
soluble CD59 from a full length cDNA (Davies et al J. Exp. Med. 170, 637, 
1989). The 5' oligonucleotide was complementary to 20 bases of the first 7 
codons at the N-terminus of the mature CD59 protein, and the 3' oligonucleotide 

30 introduced a cysteine codon and a termination codon immediately following the 
codon for Ser-81 of the mature CD59 protein. These oligonucleotides were also 
designed to contain recognition sequences for restriction endonucleases 
compatible with the polylinker site of pBROC413 (described in WO 94/00571). 
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The DNA fragment resulting from the PCR amphfication was then Hgated into 
pBROC413 DNA and transformed into the UT5600(DE3) strain of ^. coli 
(described in Methods). The transfected cells are selected by growth on a petri 
dish containing LB medium (Sigma) supplemented with ampicillin at a 
5 concentration of 100 micrograms/ml (LB AMP). The DNA from single colonies 
was isolated and sequenced as described in Methods. A single colony 
representing UT5600(DE3) cells transfected by DNA encoding APT635 was then 
grown with shaking overnight at 37 oC in LB AMP. This overnight culture was 
then diluted 1 : 100 in LB AMP medium and grown with shaking at 37 °C until the 

10 culture reached an optical density of 1 .0 as determined by absorbance at a 

wavelength of 600nm. To this culture was added a solution of isopropyl beta-D- 
thiogalactopyranoside to a fmal concentration of 1 mM. The culture was then 
grown for a further 3 hours with shaking at 37°C. The cells are harvested by 
centrifugation and inclusion bodies isolated as described in WO 94/00571 . The 

1 5 expression of APT635 was determined by SDS-PAGE and confirmed by the 
appearance of a novel protein species that migrated at approximately SOOODa. 

Example 30: A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in baculovirus/insect cells (APT2060) 

20 APT2060 is a protein that comprises soluble human CDS 9 and a C-terminal 

cysteine residue following codon 81 of the mature CD59 protein (SEQ ID NO: 
40) The protein was expressed in a recombinant form in a baculovirus expression 
system. The polymerase chain reaction was used to produce a truncated cDNA 
encoding soluble CDS 9 from a full length cDNA (Davies et al J. Exp. Med. 170, 

2S 637, 1989). The S' oligonucleotide was complementary to 20 bases of the first 7 
codons at the N-terminus of the mature CDS9 protein, and the 3' oligonucleotide 
introduced a cysteine codon and a termination codon immediately following the 
codon for Ser-81 of the mature CDS 9 protein. These oligonucleoddes were also 
designed to contain recognition sequences for restriction endonucleases 

30 compatible with the polylinker site of pBacPAK 8 baculovirus transfer vector 

(Clontech). The DNA fragment resulting from the PCR amplification was then 

ligated into pBacPAK 8 DNA. This plasmid was then transfected into Sf9 cells 

with Bacfectin (Clontech) and BacPAK6 viral DNA which had been cut with the 
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restriction endonuclease Bsu36L This mixture was deposited onto a 50% 
confluent monolayer of Sf9 cells and left at 28 °C for 3 days. The supernatant 
was removed and a plaque assay performed on serial dilutions of the transfection 
supernatant as described in Baculo virus Expression Protocols, Methods in 
5 Molecular Biology series, ed. C. Richardson). Individual plaques were then 

picked into 0.5mL IPL-41 medium (Gibco BRL) containing 1% foetal calf serum. 
The mixture was left at room temperature for 15 minutes and 100 ml of this 
solution used to inoculate a 50% confluent monolayer of Sf9 cells. The cells were 
then left to become infected for 4-5 days at 28°C. After this time, the supernatant 

10 was removed and assayed for CD59 expression by Western blot as described in 
methods. For scale-up of the recombinant virus, the supematant was used as an 
inoculum to infect more Sf9 cell monolayers as described above; alternatively, the 
supematant can be used to infect Sf9 cells grown in suspension cultures. In this 
method, 100 mL Sf9 cells at a concentration of 5 x 10^ cells/ml in IPL-41 medium 

15 containing 1% PCS were inoculated with 50 ml of viral supematant. The culture 
was shaken for 5-7 days at 27 °C and cells removed by centrifugation. The 
recombinant vims may be stored at 4 °C until use. APT2060 may be detected by 
Western blot as described in Methods and purified using an affinity column as 
described. 

20 

Example 31 : A method for the preparation of recombinant human CD59 
with a C-terminal cysteine, expressed in Chinese hamster ovary cells 
(APT2061; SEQ ID. NO: 42) 

APT2061 is a protein that comprises soluble human CD59 and a C-terminal 
25 cysteine residue at position 71 of the mature protein. The protein may be 

expressed in a recombinant form in Chinese hamster ovary cells as described in 
Methods. Briefly, the polymerase chain reaction is used to produce a tmncated 
cDNA encoding soluble CD59 from a full length cDNA (Davies et al J, Exp. 
Med. 170, 637, 1989). The 5' oligonucleotide is complementary to the first 
30 codons at the N-terminus of the mature CD59 protein, and the 3' oligonucleotide 
introduces a cysteine codon and a termination codon immediately following the 
codon for Asn-70 of the CD59 cDNA. These oligonucleotides can also designed 
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to contain recognition sequences for restriction endonucleases compatible with 
the polylinker site of a CHO expression vector, as described. 

Example 32: A Method for the conjugation of APT542 to APT633, APT635, 
5 APT2060 or APT2061 to generate compounds APT2062 (see SEQ ID NO: 
43), APT2063 (SEQ ID NO: 44), APT2064 (see SEQ ID NO: 43) and 
APT2065 (SEQ ID NO: 45). 

Compounds APT2062, APT2063, APT2064 and APT2065 are generated by 
treating their parent compounds APT633, APT635, APT2060 and APT2061 with 
10 a single molar equivalent of tris-2-carboxyethyl phosphine (TCEP; in lOmM 

Hepes, pH7.4) overnight at room temperature. To this mixture is added a solution 
containing 5 molar equivalents of APT542 (MSWP-1) for 2 hours at room 
temperature. 



15 Example 33: A methou for the synthesis and characterization of APT2057 
(SEQ ID NO: 46) \ 

APT2057 is a protein that connprises the short consensus repeats 2,3 and 4 of 
human CD55 (decay accelerating factor, DAF), with a carboxyl terminal cysteine 
residue and an amino terminal histidine tag motif expressed in a recombinant 

20 form in E. coli cells. cDNA to human DAF mRNA was generated from total brain 
RNA (OriGene Technologies, US aV Reverse transcription was primed with 40 
pmol of primer DAF-R (5'GGAATTGTAAGTCAGCAAGCCCATGGTTACT 
3'), 3 |ig human brain total RNA and other reagents as recommended by the 
the RT system manufacturers (Promega, Southampton, UK). Half of the RT 

25 reaction (10 |il) was used as template for PCR^ Reaction volume was increased to 
50 \i\ by the addition of water, buffer, MgCh («\2 mM), DMSO (to 5%) and 20 
pmol oUgonucleotide DAF-F (5'GCATATGACOGTCGCGCGGCCGAGC 3'). 
One unit of Taq polymerase (MBI Fermentas, Vilnius, Lithuania) was added, and 
the reaction subjected to 35 cycles of PGR (94"C, 3o\ec; 64°C, 30 sec; 72'*C, 60 

30 sec). A PGR product of 1 1 56 bp was identified by agarose gel electrophoresis, 
purified from the gel and ligated using standard procedures into the T-cloning 
vector pUC57/T (MBI-Fermentas, Vilnius, Lithuania). Positive clones were 
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identified by PGR screen, analysed by plasmid restriction map and confirmed by 
full sequence analysis. A plksmid to encode APT2057 was generated by PGR 
using the pUG-DAF plasmid as template. Primers were designed to amplify the 
region of the DAF gene encoding amino acids 97-285 (SGR2-4). The 5' primer 
5 incorporated an Ndel restrici ion enzyme site, and a codon specifying glutamine, 
thereby introducing an amin ) terminal methionine-glutamine amino acid pair. The 
3 ' primer added a carboxyl t ;rminal cysteine residue and incorporated an EcoRI 
restriction enzyme site. The ] *CR product was cloned into the pUC57/T T-vector 
as described, sequenced, the iusert excised with Ndel and EcoRI, and ligated into 
10 pETlSb (Novagen, MadisoniuSA, see Methods section). The product of this 

ligation is the plasmid pETlOQ-02, which expresses DAF(SGR2-4) as an in-frame 
fusion of a 20 amino acid leadeV sequence (MGSSHHHHHHSSGLVPRGSH) to 
the 191 amino acid DAF SCRs2V4. pETlOO-02 DNA was introduced into E, coli 
HAMSl 13 and transformed cell^selected by virtue of their ability to grow on 
LB+agar plates in the presence of ^0 ^ig/ml ampicillin (LB AMP). A single colony 
representing HAMSl 13 containing DNA with the coding capacity for APT2057 
was grown overnight at 37'*C with shVking (200 rpm) in LBAMP mediimi, then 
diluted 1 : 100 into 1 litre fresh LB AMR and growth at 37oC with shaking. Growth 
was monitored by measurement of cultiite turbidity at 600nm, and upon reaching 
20 an optical density of 0.6, isopropyl P-D tmogalactopyranoside (IPTG)was added 
to a final concentration of 1 mM, followed by a further 3 hours of growth under 
the same conditions as described above. TheVxpression of APT2057 was 
analysed by SDS-PAGE (described in methodV). APT2057 appeared as a unique 
protein product of approximately 24000 Da as ^timated by comparative mobility 
25 with molecular weight standards. Cells containing APT2 05 7 are harvested by 
centrifugation and inclusion bodies isolated as foUWs. Briefly, the cells are 
resuspended in lysis buffer (50 mM Tris, 1 mM ethylene diamine tetra-acetic acid 
(ETDA), 50 mM NaCl, pH 8.0) at 50 ml per litre of initial culture. The suspension 
is lysed by two passages through an Emulsiflex homogensier (Glen-Creston, 
30 Middlesex UK), followed by centrifugation at 15000 x dto purify inclusion 

bodies. Inclusion bodies are initially resuspended to approximately 1 mg.ml"^ (as 
estimated from SDS-PAGE) in 20 mM Tris, 1 mM EDTAASOmM 2- 
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mercaptoethanol, pH8.5, and subsequently diluted to a final concentration of 8M 
urea by the addition of 10 M ur^a 20 mM Tris, 1 mM EDTA, 50niM 2- 
mercaptoethanol, pH8.5. This suspension is stirred at 4°C for 16 hours, and 
insoluble material removed by centrifugation at 15000 x g for 30 minutes. The 
APT2057 is refolded by 1 in 50 dilation into 20 mM ethanolamine , 1 mM EDTA, 
pH 1 1 buffer and static incubation k for 24 hours. Insoluble material is 
removed by centrifugation ( 10000 x\e, 10 minutes), and soluble material buffer 
exchanged into Dulbecco's A PBS, pH 7.4 using an XK50 x 23 cm Sephadex 
G25 column. Refolded APT2058 is analysed by SDS-PAGE, Western blot and 
the effectiveness of the protein in a haemolytic assay (described in methods). 




Example 34: A method for tttp synthesis and characterization of APT2058 
(SEQ ID NO: 47) 

APT2058 is a protein that comprises the short consensus repeats 1,2,3 and 4 of 

15 human CD55 (decay accelerating ^ctor, DAF), with a carboxyl terminal cysteine 
residue and an amino terminal histidine tag motif expressed in a recombinant 
form in E. coli cells. cDNA to hxmiaA DAF mRNA was generated from total brain 
RNA as described in Example 9. A plksmid to encode APT2058 was generated by 
PGR using the pUC-DAF plasmid as teVnplate. Primers were designed to amplify 

20 the region of the DAF gene encoding anAino acids 35-285 (SCRl-4). The 5' 
primer incorporated an Ndel restriction enzyme site, and a codon specifying 
glutamine, thereby introducing an amino teWinal methionine-glutamine amino 
acid pair. The 3' primer added a carboxyl tenninal cysteine residue and 
incorporated an EcoRI restriction enzyme siteNjhe PGR product was cloned into 

25 the pUC57/T T-vector as described, sequenced, the insert excised with Ndel and 
EcoRI, and ligated into pET15b (Novagen, MadisVi, USA). The product of this 
ligation is the plasmid pET99-02, which expresses DAF (SCRl-4) as an in-frame 
fusion of a 20 amino acid leader sequence (MGSSHffilHHHSSGLVPRGSH) to 
the 251 amino acid DAF SGRsl-4 (APT2058). pET99^2 DNA was introduced 

30 into E. coli HAMSl 13 (see methods) and expression of the recombinant protein 
induced as described in Example 1. The expression of APfa058 was analysed by 
SDS-PAGE (described in methods). APT2058 appeared as auinique protein 
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15 



20 



product of approximately "31000 Da as estimated by comparative mobility with 
molecular weight standards\ Cells containing APT2058 were harvested by 
centrifugation and inclusion bodies isolated as follows. Briefly, the cells were 
resuspended in lysis buffer (50 rtiM Tris, 1 mM ethylene diamine tetra-acetic acid 
(ETDA), 50 mM NaCl, pH 8.o\ at 50 ml per Utre of initial culture. The suspension 
was lysed by two passages through an Emulsiflex homogensier (Glen-Creston, 
Middlesex UK), followed by centrifugation at 15000 x g to purify inclusion 
bodies. Inclusion bodies were initWly resuspended to approximately 1 mg.mf* 
(as estimated from SDS-PAGE) in W mM Tris, 1 mM EDTA, 50mM 2- 
mercaptoethanol, pH8.5, and subsequently diluted to a final concentration of 8M 
urea by the addition of 10 M urea 2oVnM Tris, 1 mM EDTA, 50niM 2- 
mercaptoethanol, pH8.5. This suspension was stirred at 4°C for 16 hours, and 
insoluble material removed by centrifugation at 15000 x g for 30 minutes. The 
APT2057 was refolded by 1 in 50 dilution into 20 mM ethanolamine , 1 mM 
EDTA, pH 1 1 buffer and static incubatioft at 4°C for 24 hours. Insoluble material 
was removed by centrifugation ( 10000 x g, 10 minutes), and soluble material 
buffer exchanged into Dulbecco's A PBS, pR 7.4 using an XK50 x 23 cm 
Sephadex G25 column. Refolded APT2058 \)as analysed by SDS-PAGE, 
Western blot and the effectiveness of the proteih in a haemolytic assay (described 
in methods). Using this assay (at 1 :400 dilution of human serum), the 
concentration of APT2058 required to bring about >^0 % inhibition of lysis (IH50) 
was approximately 3 nM. 




30 



Exalnple 35: A method for the synthesis and characterization of APT2160 
(SEQIDNO: 48) 

Compound APT2 160 was generated by treating the parent compound APT2058 

(at approxinWely 100 |iM) with a three- fold molar excess of 10 mM tris-2- 

carboxyethyl i^osphine (TCEP: in 50 mM Hepes, pH 4.5) ovemight at room 

temperature. To this mixture was added a solution containing five molar 

equivalents of MS WSP-1 (Example 2) in 100% DMSO for 2 hours at room 

temperature. APT2160.was characterized by observation of a mobility shift on 

non-reducing SDS-PAG^ of approximately 2000 Da, consistent with the addition 

\ 



-73- 



of a single molecule of APT542 to APT2058. The compound was assayed in the 
ha^molytic assay (at 1:400 dilution of human serum) and an IH50 value 0.03 nM 
was\^und 

Example 36: A method for the synthesis and characterization of APT2184 
(SEqV) NO: 49 ) 

Compound APT21 84 is generated by treating the parent compound APT2057 
with a threfe-fold molar excess of 10 mM tris-2-carboxyethyl phosphine (TCEP: in 
50 mM Hepes, pH 4.5) overnight at room temperature. To this mixture is added a 
solution containing five molar equivalents of MSWP-1 in 100% DMSO for 2 
hours at room teimerature. 

It is to be understood that the description, specific examples and data, 
while indicating exemplary embodiments, are given by way of illustration and are 
not intended to limit the present invention. Various changes and modifications 
within the present invention will become apparent to the skilled artisan from the 
discussion, disclosure and data contained herein, and thus are considered part of 
the invention. 

This application claims priority to GB 9614871.3, filed July 15, 1996, 
there entirety of which is hereby incorporated by reference. 
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TABLE 

SEQUENCE lilSTIKO 

(<- next to a peptide sequence In {} signifies sequence runs C to N 
terminus) 

SEQ ID NOil: 

GCACCGCywrrGCATCATCCCGAACAAATGCTAATAAA 
SEQ ID NO:2: 

AGCTTTTATTAGCATTTGTTCGGGATGATGCACTGCG 
SEQ ID N0:3: 

GCACCGCAOTGCATCATCCCGAACAAAGAOXn'CCGAAAAAGAAGAAAAAGAAATCTCCGTCCAAA 
GGTTGCTAATAAA 

5E0 ID N0:4: 

AGCTTTTATTAGCAACCGGAAGATTTGGACGGAGATTTCTTTTTCTTCTTTT^ 
ATGATGCACTGCG 

SEQ ID NO:5: 

Gly-Ser-ser-Lys -Ser-Pro-Ser-Lys-Lys-Lys -Lys-Lys-Lys -Pro-Gly-Asp-Cys -NHj 
SEQ ID NO:6: 

Met Gin Cys Asn Ala Pro Glu Trp Leu Pro Phe Ala Arg Pro Thr Asn 
L»eu Thr Asp Glu Phe Glu Phe Pro lie Gly Thr Tyr Leu Asn Tyr Glu 
Cys Arg Pro Gly Tyr Ser Gly Arg Pro Phe Ser lie lie Cys Leu Lys 
Asn Ser Val Trp Thr Gly Ala Lys Asp Arg Cys Arg Arg Lys ser Cys 
Arg Asn Pro Pro Asp Pro Val Asn Gly Met Val His Val lie Lys Gly 
lie Gin Phe Gly Ser Gin He Lys Tyr Ser Cys Thr Lys Gly Tyr Arg 
Leu He Gly Ser Ser Ser Ala Thr Cys He He Ser Gly Asp Thr Val 
He Trp Asp Asn Glu Thr Pro He Cys Asp Arg He Pro Cys Gly Leu 
Pro Pro Thr He Thr Asn Gly Asp Phe He Ser Thr Asn Arg Glu Asn 
Phe His Tyr Gly Ser Val Val Thr Tyr Arg Cys Asn Pro Gly Ser Gly 
Gly Arg Lys Val Phe Glu Leu Val Gly Glu Pro Ser He Tyr Cys Thr 
Ser Asn Asp Asp Gin Val Gly He Trp Ser Gly Pro Ala Pro Gin Cys 
He He Pro Asn Lys Cys 



-75- 




SEQ ID N0:7: 



Met 


Gin 


Cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 


Leu 


Thr 


Asp 


Glu 


Phe 


Glu 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr 


Glu 


Cys 


Arg 


Pro 


Gly 


Tyr 


Ser 


Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 


Asn 


ser 


val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


Cys 


Arg 


Arg 


Lys 


Ser 


Cys 


Arg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


val 


He 


Lys 


Gly 


lie 


Gin 


Phe 


Gly 


Ser 


Gin 


He 


Lys 


Tyr 


Ser 


Cys 


Thr 


Lys 


Gly 


Tyr 


Arg 


Leu 


He 


Gly 


Ser 


ser 


ser 


Ala 


Thr 


Cys 


He 


He 


Ser 


Gly 


Asp 


Thr 


val 


He 


Trp 


Asp 


Asn 


Clu 


Thr 


Pro 


He 


Cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 


Pro 


Pro 


Thr 


He 


Thr 


Asn 


Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


Glu 


Asn 


Phe 


His 


Tyr 


Gly 


Ser 


■val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


Ser 


Gly 


Gly 


Arg 


Lys 


Val 


Phe 


Glu 


Leu 


Val 


Gly 


Glu 


Pro 


Ser 


He 


Tyr 


Cys 


Thr 


Ser 


Asn 


Asp 


Asp 


Gin 


Val 


Gly 


He 


Trp 


Ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 


He 


He 


Pro 


Asn 


Lys 


Asp 


Gly 


Pro 


Lys 


Lys 


Lys 


Lys 


Lys 


Lys 


Ser 


Pro 



ser Lys Ser Ser Gly Cys 



SEQ ID NO: 8: 

linear, 2 polypeptide chains disulphide linked 



Met 


Gin 


cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 


Leu 


Thr 


Asp 


Glu 


Phe 


Glu 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr 


Glu 


Cys 


Arg 


Pro 


Gly 


Tyr 


Ser Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 


Asn 


ser 


Val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


cys 


Arg 


Arg 


Lys 


Ser 


Cys 


Arg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


Val 


He 


Lys 


Gly 


He 


Gin 


Phe 


Gly 


Ser 


Gin 


He 


Lys 


Tyr 


Ser 


Cys 


Thr 


Lys 


Gly 


Tyr 


Arg 


Leu 


He 


Gly 


Ser 


Ser 


Ser 


Ala 


Thr 


Cys 


He 


He 


Ser 


Gly 


Asp 


Thr 


Val 


He 


Trp 


Asp 


Asn 


Glu 


Thr 


Pro 


He 


Cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 


Pro 


Pro 


Thr 


He 


Thr 


Asn Gly 


Asp 


Phe 


He 


ser 


Thr 


Asn 


Arg 


Glu 


Asn 


Phe 


His 


Tyr 


Gly 


Ser 


Val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


Ser 


Gly 


Gly 


Arg 


Lys 


val 


Phe 


Glu 


Leu 


Val 


Gly 


Glu 


Pro 


ser 


He 


Tyr 


Cys 


Thr 


Ser 


Asn 


Asp 


Asp 


Gin 
-> 


Val 


Gly 


He 


Trp 
<- 


Ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 



He He Pro Asn Lys Cys-s-s-{Cys Asp Gly Pro Lys Lys Lys Lys Lys 

t I 
CO,H CONH, 

Lys Ser Pro Ser Lys Ser Ser Gly) (iJ-Myristoyl) 



SEO ID N0:9: 

linear, 2 polypeptide . chains disulphide linked 
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Met 


Gin 


Cvs 


Asn 


Ala 


Pro Glu 


Tro 


Leu 


Pro 


Phe 


Ala 


Ara 


Pro 


Thr 


nai J 


Leu 


Thr 


Asp 


Glu 


Phe 


Glu Phe 


Pro 


He 


Glv 


Thr 


Tvr 


Leu 


Asn 


Tvr 


Glu 


Cys 


Arg 


Pro 


Gly 


Tyr 


Ser Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 


KST\ 


Ser 


Val 


Trp 


Thr 


Gly Ala 


Lys 


Asp 


Ara 


Cvs 


Arg 


Ara 


Lvs 


Ser 


Cvs 


Atq 


Asn 


Pro 


Pro 


Asp 


Pro Val 


Asn 


Gly 


Met 


Val 


His 


Val 


He 


Lys 


Glv 


lie 


Gin 


Phe 


Gly 


Ser 


Gin He 


Lvs 


Tvr 


Ser 


Cvs 


Thr 


Lvs 


Glv 


Tvr 


Arg 


Leu 


lie 


Gly 


Ser 


Ser 


Ser Ala 


Thr 


Cys 


He 


He 


Ser 


Gly 


ASD 


Thr 


Val 


lie 


Trp 


Asp 


Asn 








Cys 


Asp 


ATg 


xxe 


fro 


Cys 


Gj.y 


Leu 


Pro 


Pro 


Thr 


He 


Thr 


Asn Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


Glu 


Asn 


Phe 


His 


Tyr 


Gly 


Ser 


Val val 


Thr 


Tyr 


Arg 


Cys 


Asr 


Pro 


Gly 


ser 


Gly 


Gly 


Arg 


Lys 


Val 


Phe 


Glu Leu 


Val 


Gly 


Glu 


Pro 


ser 


He 


Tyr 


Cys 


Thr 


Ser 


Asn 


Asp 


Asp 


Gin 


Val Gly 


He 


Trp 


ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 


lie 


lie 


Pro 


Asn 


Lys 


Asp Gly 


Pro 


Lys 


Lys 


Lys 


Lys 


Lys 


Lys 


Ser 


Pro 



-> <- 

15 ser Lys Ser Ser Gly Cys-S-S-{Cys Asp Gly Pro Lys Lys Lys Lys Lys 

I I 
CO,H CONH, 

Lys Ser Pro Ser Lys Ser Ser Gly} (N-Myristoyl) 



20 SEQ ID NO 10 

linear, 2 polypeptide chains di sulphide linked 



1 


tOCNAPEWLPF ARPTNLTDEF EFPIGTYLNY ECRPGYSGRP 


41 


FSIICItKNSV 


WTGAKDRCRR KSCRNPPOFV 


NGMVHVIKGI 


81 


QFGSQIKYSC 


TKGYRLIGSS SATCIISGDT 


VtWDNETPIC 


121 


DRIPCGLPPT 


ITNGDFISTN RENFHYGSW 


TYRCNPGSGG 


161 


RKVFELVGEP 


SIYCTSNDDQ VGIWSGPAPQ 


CIIPNKCTPP 


201 


NVENGILVSD NRSLFSLNEV VEFRCQPGFV 


MKGPRRVKCQ 


241 


ALNKWEPELP 


SCSRVCQPPP DVLHAERTQR 


DKDNFSPGQE 


281 


VFYSCEPGYD 


LRGAASMRCT PQGDWSPAAP 


TCEVKSCDDF 


321 


MGQLLNGRVL 


FPVNLQLGAK VDFVCDBGFQ 


LKGSSASYCV 


361 


LAGME5LWNS 


SVPVCEQIFC PSPPVIPNGR 


HTGKPLEVFP 


401 


FGKAVNYTCD 


PHPDRGTSFD LIGESTXRCT 


S0PQGNGVW5 


441 


SPAPRCGILG 


HCQAPDHFLF AKLKTOTNAS 


DFPIGTSLKY 


481 


ECRPEYYGRP 


FSITCLDNLV WSSPKDVCKR 


KSCKTPPDPV 


521 


NGMVHVITDI 


QVGSRINYSC TTGHRLIGHS 


SAECILSGNA 


561 


AHWSTKPPIC 


ORIPCGLPPT lANGDFISTN 


RENFHYGSW 


601 


TYRCNPGSGG 


RKVFELVGEP SIYCTSNDDQ VGIWSGPAPQ 


641 


CIIPNKCTPP NVENGILVSD NRSLFSLNEV VEFRCQPGFV 
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681 MKGPHRVKCQ ALNKWEPELP SCSRVCQPPP DVLHAERTQR 
721 DKDNFSPGOE VFYSCEPGYD LRGAASMRCT POGDWSPAAP 
761 TCEVKSCDDF MGQLLNGRVL FPVNLQLGAK VDFVCDEGFQ 
801 LKCSSASYCV LA6ME5LWN5 SVPVCEQIFC PSPPVIPNGR 
5 841 HTGKPLEVFP FGKAVNYTCD PHPDRGTSFD LIGESTIRCT 
881 SDPOGNGVWS SPAPRCGILG HCQAPDHFLF AKLKTQTNAS 
921 DFPIGTSLKY ECRPEYYGRP FSITCLDNLV WSSPKDVCXR 
961 KSCKTPPDPV NCMVHVITDI QVGSRINYSC TTGHRLIGHS 
1001 SAECILSGNT AHWSTKPPIC QRIPCGLPPT lANGDFISTN 
10 1041 RENFHYGSW TYRCNLGSRG RKVTELVGBP SIYCTSNDDO 
1081 VGIWSGPAPQ CIIPNKCTPP NVENGILVSD NRSLFSLNEV 
1121 VEFRCQPGF^ MKGPRRVKCO ALNKWEPELP SCSRVCQPPP 
1161 EILHGEHTPS HQDNFSPGOE VFYSCEPGYD LRGAASLHCT 
1201 PQGDWSPEAP RCAVKSCDDF LGQLPHGRVL FPLNLOLGAK 
15 1241 VSFVCDBGFR UKGSSVSHCV LVGMRSLWNN SVPVCEHIFC 
1281 PNPPAILNGR HTGTPSGDIP YGKEISYTCD PHPDRGrfTFN 
1321 LIGESTIRCT SDPHGNGVWS SPAPRCELSV RAGHCKTPEQ 
13 61 FPFASPTIPI NDFEFPVGTS UIYECRPGYF GKMFSISCLE 
1401 NLVWSSVEDN CRRKSCGPPP EPFNGMVHIN TDTQFGSTVN 
20 1441 YSCNBGFRLI GSPSTTCLVS GNN7TWDKKA PICEIISCEP 
1481 PPTISNGDFY SNNRTSFHNG TWTYQCHTG PDGEQLFELV 
1521 GERSIYCTSK DDQVGVWSSP PPRCISTNKC TAPEVENAIR 
1561 VPGNRSFFSL TEIIRFRCQP GFVMVGSHTV QCQTNGRWGP 
1601 KLPHCSRVCQ PPPEILHGEH TLSHQDNFSP GQEVFYSCEP 
25 1641 SYDLRGAASL HCTPQGDWSP EAPRCTVKSC DDFLGQLPHG 
1681 RVLLPLNLOL GAKVSFVCDE GFRLKGRSAS HCVLAGMKAL 
1721 WNSSVPVCEQ IFCPNPPAIL NGRHTGTPFG DIPYGKEISY ^ 
1761 ACOTHPORGM TFNLIGESSI RCTSDPQGNG VWSSPAPRCE 
1801 LSVPAACPHP PKIONGHYIG GHVSLYLPGM TISYTCDPGY 
30 1841 LLVGKGFIFC TDQGIWSQLD HYCKEVNCSF PLFMNGISKE 
1881 LEMKKVYHYG DYVTLKCEDG YTLEGSPWSQ CQADDRWDPP 
-> <- 

1921 LAKCTSRAHCl -S-S-{CDGPKKKKKKSPSKSSG>- (N-Myristoyl ) 

35 CO2H CONH2 

In SEQ ID NO 10, peptide sequences are given in brackets in single 
leccer amino acid code. 
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SEO ID No. aa 

linear, 2 polypeptide chains di sulphide linXed 

Met Gin Cys Asn Ala Pro Glu Trp Leu Pro Phe Ala Arg Pro Thr Asn 

Leu Thr Asp Glu Phe Glu Phe E>ro lie Gly Thr Tyr Leu Asn Tyr Glu 

Cys Arg Pro Gly Tyr Ser Gly Arg Pro phe ser lie lie Cys Leu Lys 

Asn Ser Val Trp Thr Gly Ala Lys Asp Arg Cys Arg Arg Lys ser Cys 

Arg Asn Pro pro Asp Pro Val Asn Gly Met Val His Val lie Lys Gly 

lie Gin Phe Gly ser Gin lie Lys Tyr Ser Cys Thr Lys Gly Tyr Arg 

Leu lie Gly Ser ser ser Ala Thr Cys lie lie Ser Gly Asp Thr Val 

He Trp Asp Asn Glu Thr Pro lie Cys Asp Arg lie Pro Cys Gly Leu 

Pro pro Thr He Thr Asn Gly Asp Phe lie Ser Thr Asn Arg Glu Asn 

Phe His Tyr Gly Ser Val Val Thr Tyr Arg Cys Asn Pro Gly ser Gly 

Gly Arg Lys Val Phe Glu Leu Val Gly Glu Pro ser He Tyr Cys Thr 

ser Asn Asp Asp Gin val Gly He Trp ser Gly Pro Ala Pro Gin Cys 
He He Pro Asn Lys Cys-s-s-Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys- 

NHCOCK3 

Lys-Ser-Pro-Ser Lys -Ser- Ser -Lys- (N-MyristoyD-NHj 
SEQ ID NO- 12 

linear, 2 polypeptide chains dl sulphide linked 

Met Gin cys Asn Ala Pro Glu Trp Leu Pro Phe Ala Arg Pro Thr Asn 

Leu Thr Asp Glu Phe Glu Phe Pro He Gly Thr Tyr Leu Asn Tyr Glu 

Cys Arg Pro Gly Tyr ser Gly Arg Pro Phe Ser He He Cys Leu Lys 

Asn Ser Val Trp Thr Gly Ala Lys Asp Arg Cys Arg Arg Lys Ser Cys 

Arg Asn Pro Pro Asp Pro Val Asn Gly Met Val His Val He Lys Gly 

He Gin Phe Gly Ser Gin He Lys Tyr Ser Cys Thr Lys Gly Tyr Arg 

Leu He Gly Ser Ser Ser Ala Thr Cys He He Ser Gly Asp Thr Val 

He Trp Asp Asn Glu Thr Pro He Cys Asp Arg He Pro Cys Gly Leu 

Pro Pro Thr He Thr Asn Gly Asp Phe He Ser Thr Asn Arg Glu Asn 

Phe His Tyr Gly ser val val Thr Tyr Arg cys Asn Pro Gly Ser Gly 

Gly Arg Lys Val Phe Glu Leu Val Gly Glu Pro Ser He Tyr Cys Thr 

Ser Asn Asp Asp Gin val Gly He Trp Ser Gly Pro Ala Pro Gin Cys 

-> <- 
He He Pro Asn Lys Cys-S-S-{Cys-Lys-Thr-Lys-Ser-Lys-Lys-Lys-Lys- 

CONH2 

Lys-Lys-Gly-Asp-Lsy-Ser ) -NH- (Myristoy 1 J 
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SEQ 


ID No. 13 




























linear. 


2 polypeptide chains disulphide 


linked 












Met 


Gin 


Cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 




Leu 


Thr 


Asp 


GlU 


Phe 


GlU 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


T*yr 


Glu 


5 


Cys 


Arg 


Pro 


Gly 


Tyr 


Ser 


Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 




Asn 


Ser 


Val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


Cys 


Arg 


Arg 


Lys 


Ser 


Cys 




Arg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


Val 


He 


Lys 


Gly 




lie 


Gin 


Phe 


Gly 


Ser 


Gin 


He 


Lys 


Tyr 


Ser 


Cys 


Thr 


Lys 


Gly 


Tyr 


Arg 




Leu 


He 


Gly 


ser 


ser 


Ser 


Ala 


Thr 


Cys 


He 


He 


ser 


Gly 


Asp 


Thr 


Val 


1 A 


He 


Trp 


Asp 


Asn 


GlU 


Thr 


Pro 


He 


Cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 




pro 


Pro 


Thr 


He 


Thr 


Asn 


Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


GlU 


Asn 




Phe 


His 


Tyr 


Gly 


Ser 


Val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


ser 


Gly 




Gly 


Arg 


Lys 


Val 


Phe 


GlU 


Leu 


Val 


Gly 


GlU 


Pro 


Ser 


He 


Tyr 


Cys 


Thr 




ser 


Asn 


Asp 


Asp 


Gin 


Val 


Gly 


He 


Trp 


Ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 


15 


He 


He 


Pro 


Asn 


Lys 


Cys- 


-S-S- 


-Cys- 


-Ser- 


-Ala- 


-Ala- 


-Pro- 


-Ser- 


-Ser- 


-Gly- 


-Phe- 



NHCOCH3 

Arg- He -Leu -Leu -Leu -Lys -Val -NH (CH2 ) 9CH3 



20 SEQ ID NO: 14 







Met 


Gin 


Cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 






Leu 


Thr 


Asp 


Glu 


Phe 


Glu 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr 


Glu 






Cys 


Arg 


Pro 


Gly 


Tyr 


Ser 


Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 






Asn 


ser 


Val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


Cys 


Arg 


Arg 


Lys 


Ser 


Cys 




25 


Arg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


Val 


He 


Lys 


Gly 






He 


Gin 


Phe 


Gly 


Ser 


Gin 


He 


Lys 


Tyr 


Ser 


Cys 


Thr 


Lys 


Gly 


ryr 


Arg 






Leu 


He 


Gly 


Ser 


Ser 


Ser 


Ala 


Thr 


Cys 


He 


He 


ser 


Gly 


Asp 


Thr 


Val 






. He Trp 


Asp 


Asn 


Glu 


Thr 


Pro 


He 


cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 






Pro 


Pro 


Thr 


He 


Thr 


Asn 


Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


Glu 


Asn 




30 


Phe 


His 


Tyr 


Gly 


ser 


val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


Ser 


Gly 






Gly 


Arg 


Lys 


val 


Phe 


Glu 


Leu 


val 


Gly 


Glu 


Pro 


ser 


He 


Tyr 


cys 


Thr 






Ser 


Asn 


Asp 


Asp 


Gin 


Val 


Gly 


He 


Trp 


Ser 


Gly 


Pro 


Ala 


Pro 


Gin 


cys 






He 


He 


Pro 


Thr 


Asn 


Ala 


Asn 


Lys 


Ser 


Leu 


Ser 


Ser 


He 


Ser 


Cys 


Gin 



Thr 

SEQ ID No 15 

CTGGAGCGGGCCCGCACCGCAGTGCATCATCCCGAACAAATGCTAATAAAAGC 
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SEQ ID No 16 

GCTTTTATTAGCATTTGTTCGGGATGATGCACTGCCSGTGCGGGCCCGCTCCAG 
SEQ ID No 17 

linear, 2 polypdpcide chains disulphide linked 
Mec Gin Cys Asn Ala Pro Glu Trp Leu Pro Phe Ala 
Leu Thr Asp Glu Ph« Glu Ph« pro lie Gly Thr Tyr 
Cys Arg Pro Gly Tyr Ser Gly Arg Pro Phe Ser lie 
Asn Ser Val Trp Thr Gly Ala Lys Asp Arg Cys Arg 
Arg Asn Pro Pro Asp Pro Val Asn Gly Wet Val His 
lie Gin Phe. Gly Ser Gin He Lys Tyr Ser Cys Thr 
Leu He Gly Ser Ser Ser Ala Thr Cys He He ser 
He Trp Asp Asn Glu Thr Pro He cys Asp Arg He 
Pro Pro Thr He Thr Asn Gly Asp Phe He ser Thr 
Phe His Tyr Gly Ser Val Val Thr Tyr Arg cys Asn 
Gly Arg Lys Val Phe Glu Leu Val Gly Glu Pro Ser 
Ser Asn Asp Asp Gin Val Gly He Trp Ser Gly Pro 

He He Pro Thr Asn Ala Asn Lys Ser Leu Ser Ser 

Gln-Thr CONH2 

-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-ser-Lys-Ser-Ser-Gly)-NH- (MyrisCoyl) 
SEQ ID No 18 

Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Lys-NH2 
SEQ ID No 19 

Ser-Lys-Asp-Gly-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Lys-Thr-Lys-Cys 
SEQ ID No 20 

Cys-Ser-Ala-Ala-Pro-Ser-Ser-Gly-Phe-Arg-Ile-Leu-Leu-Leu-Lys-Val 
SEQ ID No 21 

linear, 2 polypeptide chains disulphide linked 

N-(myrlscoyl)-Gly-ser-ser-Lys-ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-Pro- 
Gly-Asp-Cys-NHj 
I 

s-S- 1 4-butyriininol -N-e (Lys ) t streptokinase] 



Arg 


Pro 


Thr Asn 


Leu 


Asn 


Tyr Glu 


He 


cys 


Leu Lys 


Arg 


Lys 


Ser Cys 


Val 


He 


Lys Gly 


Lys 


Gly 


Tyr Arg 


Gly 


Asp 


Thr Val 


Pro 


Cys 


Gly Leu 


Asn 


Arg 


Glu Asn 


Pro 


Gly 


Ser Gly 


He 


Tyr 


Cys Thr 


Ala 


Pro 


Gin Cys 






-> 


He 


ser 


Cys-s-s 



-81- 



5EQ ID No 22 

Single chain form oC the 527 amino acid residue intact t-PA molecule. 
Residue 478 (serine) has been modified as shovm below 
[SYQVICRDEKTOMIYQQHQSWLRPVLRSNRVEYCWCNSGRAQCHSVPVKSCSEPRCFN 
5 GGTCQQALYFSDFVCOCPEGFACacCXrEIDTRATCYEDCXSISYRGTWSTAESGAECTNW 
NSSALAQKPYSGRRPDAIRIiGLCaiHNYCRNPDRDSKPWCYVFKAGKYSSEFCSTPACS 
EGNSDCYFGNGSAYRGTHSLTESGASCLPWNSMILIGKVYTAQNPSAOALGLGKHNYC 
RNPDGDAKPWCHVUCNRRLTWEYCDVPSCSTCGLRQYSQPQFRIKGGLFADIASHPWOA 
AIFAKHRRSPGERFLCGGILISSCWILSAAHCFQERFPPHHLTVILGRTYRVVPGEE 
■ 10 EQKFEVEKYlVHKEFDDDTYmroiALLQLKSDSSRCAOESSWRTVCLPPADLQLPDW 
TECELSGYGKHEALSPFYSERLKEAH\TOLYPS SRCTSOHLU^RTVTDNMLC AGDTRSG 
GPQANLHDACQGDSGGPLVCLNDGRMTLVGI ISWGLGCGQKDVPGVYTKVTNYLDWI RDNMRP ) 

<- 

Ser 478 O-4-CO-benzyl-NH {CH2) 2NHCO (CHj ) 2-S-S-{Cys-Asp-Gly-Pro-ljys-Lys- 

CONH2 

Lys-Lys-Lye-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Gly } -NH- (Myristoyl ) 



SEQ ID No 23 



20 


Met 


Gin 


Cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 




Leu 


Thr 


Asp 


Glu 


Phe 


Glu 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr 


Glu 




Cys 


Arg 


Pro 


Gly 


Tyr 


Ser 


Gly 


Arg 


Pro 


Phe 


ser 


He 


He 


Cys 


Leu 


Lys 




Asn 


Ser 


Val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


Cys 


Arg 


Arg 


Lys 


Ser 


Cys 




Arg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


val 


He 


Lys 


Gly 


25 


He 


Gin 


Phe 


Gly 


ser 


Gin 


He 


Lys 


Tyr 


Ser 


Cys 


Thr 


Lys 


Gly 


Tyr 


Arg 




Leu 


lie 


Gly 


ser 


ser 


ser 


Ala 


Thr 


Cys 


He 


He 


ser 


Gly 


Asp 


^Thr 


Val 




He 


Trp 


Asp 


Asn 


Glu 


Thr 


Pro 


He 


Cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 




Pro 


Pro 


Thr 


He 


Thr 


Asn 


Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


Glu 


Asn 




Phe 


His 


Tyr 


Gly 


Ser 


Val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


Ser 


Gly 


30 


Gly 


Arg 


Lys 


Val 


Phe 


Glu 


Leu 


Val 


Gly 


Glu 


Pro 


Ser 


He 


Tyr 


Cys 


Thr 




Ser 


Asn 


Asp 


Asp 


Gin 


Val 


Gly 


He 


Trp 


Ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 




He 


He 


Pro 


Asn 


Lys 


Asp 


Gly 


Pro 


Ser 


Glu 


He 


Leu 


Arg 


Gly 


Asp 


Phe 



Ser Ser Cys 

35 SEQ ID No 24 

linear, 2 polypeptide chains disulphide linked 



Met 


Gin Cys Asn 


Ala 


Pro Glu 


Trp 


Leu Pro 


Phe Ala 


Arg 


Pro 


Thr 


Asn 


Leu 


Thr Asp Glu 


Phe 


Glu Phe 


Pro 


He Gly 


Thr Tyr 


Leu 


Asn 


Tyr 


Glu 


Cys 


Arg Pro Gly 


Tyr 


Ser Gly 


Arg 


Pro Phe 


Ser He 


He 


Cys 


Leu 


Lys 
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Asn Ser Val Trp Thr Gly Ala Lys Asp Arg Cys Arg Arg Lys Ser Cys 
Arg Asn Pro pro Asp Pro Val Asn Gly Met Val His Val He Lys Gly 
He Gin Phe Gly Ser Gin lie Lys Tyr Ser Cys Thr Lys Gly Tyr Arg 
Leu rie Gly Ser Ser Ser Ala Thr cys He He Ser Gly Asp Thr Val 
5 He Trp Asp Asn Glu Thr Pro He Cys Asp Arg He Pro Cys Gly Leu 
Pro Pro Thr He Thr Asn Gly Asp Phe He Ser Thr Asn Arg Glu Asn 
Phe His Tyr Gly Ser Val Val Thr Tyr Arg Cys Asn Pro Gly Ser Gly 
Gly Arg Lys Val Phe Glu Leu Val Gly Glu Pro ser He Tyr Cys Thr 
Ser Asn Asp Asp Gin Val Gly He Trp Ser Gly Pro Ala Pro Gin Cys 
10 He He Pro Asn Lys Asp-Gly-Pro-Ser-Glu-Ile-Leu-Arg-Gly Asp-Phe- 

<- 

Ser-Ser-Cys-S-S- (Cys-Asp-Gly-pro-Lys-Lys-Lys-Lys Lys-Lys-Ser-Pro-ser- 
Lys-Ser-Ser-Gly ) -NH- (Myristoyl ) 

15 SEQ ID No 25 

CGCACCGCAGTGCATCATCCCGAACAAAGATGGCCCGAGCGAAATTCTGOGTGGCGATTTTAGCAGCTGCTA 
SEQ ID No 26 

ACGTTAGCAGCTGCTAAAATCGCCACGCAGAATTTCGCTCGGGCCATCTTTGTTCGGGATGATGCACTGCOG 
20 TGCGGGCC . 

SEQ ID No 27 

N- (Myr Istoyl ) -Gly -ser -Ser -Lys -Ser -Pro- Ser -Lys -Lys -Lys -Lys-Lys -Lys- Pro- 
Gly-Asp- (S-2 -thiopyr idy 1) Cys-HH2 

25 

SEQ ZD No 28 

N-acotyl-<S- 2 -thiopyr idyl) Cys Asp-Gly-Pro-Lys-Lys -Lys -Lys-Lys -Lys -Ser- 
Pro-Ser Lys-Ser-Ser- (tN- (Myrlstoyl) ) Lys-NH2 

30 SEQ ID No 29 

N- (Kyxistoyl) -Ser-Lys -Asp-Gly-Lys -Lys -Lys -Lys-Lys -Lys -Ser-Lys-Thr-Lys - 
( s - 2 - Th 1 cpy r i dy 1 ) Cy s -NH2 

SEQ ID No 30 

35 N-acecyl- (S-2 - thiopyr idyl) cys -ser- Ala- Ala -Pro-Ser-Ser-Gly- Phe- Arg- lle- 
Leu-Leu-Leu-Lys-Val-NH (CH2 ) 9CH3 
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SEQ ID No 31 



Mec 


Gin 


cys 


Asn 


Ala 


Pro 


Glu 


Trp 


Leu 


Pro 


Phe 


Ala 


Arg 


Pro 


Thr 


Asn 


Leu 


Thr 


Asp 


Glu 


Phe 


Glu 


Phe 


Pro 


He 


Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr 


Glu 


cys 


Arg 


Pro 


Gly 


Tyr 


Ser 


Gly 


Arg 


Pro 


Phe 


Ser 


He 


He 


Cys 


Leu 


Lys 


Asn 


ser 


val 


Trp 


Thr 


Gly 


Ala 


Lys 


Asp 


Arg 


Cys 


Arg 


Arg 


Lys 


Ser 


Cys 


ftrg 


Asn 


Pro 


Pro 


Asp 


Pro 


Val 


Asn 


Gly 


Met 


Val 


His 


Val 


He 


Lys 


Gly 


He 


Gin 


Phe 


Gly 


ser 


Gin 


He 


Lys 


Tyr 


ser 


Cys 


Thr 


Lys 


Gly 


Tyr 


Arg 


Leu 


He 


Gly 


Ser 


Ser 


ser 


Ala 


Thr 


Cys 


He 


He 


Ser 


Gly 


Asp 


Thr 


Val 


He 


Tip 


Asp 


Asn 


Glu 


Thr 


Pro 


He 


Cys 


Asp 


Arg 


He 


Pro 


Cys 


Gly 


Leu 


Pro 


Pro 


Thr 


He 


Thr 


Asn 


Gly 


Asp 


Phe 


He 


Ser 


Thr 


Asn 


Arg 


Glu 


Asn 


Phe 


His 


Tyr 


Gly 


Ser 


Val 


Val 


Thr 


Tyr 


Arg 


Cys 


Asn 


Pro 


Gly 


Ser 


Gly 


Gly 


Arg 


Lys 


Val 


Phe 


Glu 


Leu 


Val 


Gly 


Clu 


Pro 


Ser 


He 


Tyr 


Cys 


Thr 


ser 


Asn 


Asp 


Asp 


Gin 


Val 


Gly 


He 


Trp 


ser 


Gly 


Pro 


Ala 


Pro 


Gin 


Cys 


He 


He 


Pro 


Asn 


Lys 


Asp 


Gly 


Pro 


Lys 


Lys 


Lys 


Lys 


Lys 


Lys 


Ser 


Pro 



15 ser Lys Ser ser Gly cys-s-s- (CH2)2-conh- (CHj) ijCHa 

SEQ ID No 32 

linear, 2 polypeptide chains disulphide linked 

N- (ntyristoyl) -Gly-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-Pro 
20 Gly-Asp-cys-NH2 

S-S- 1 4-butyriminol-N-c (Lys) (Rabbit anti-{huinan erythrocyte 
membrane) antibody! 

25 SEO ID NO 33 



Met 


Gin 


Cys Asn Ala 


Pro 


Glu 


Trp 


Leu Pro 


Phe 


Ala Arg 


Pro Thr 


Asn 


Leu 


Thr 


Asp Glu Phe 


Glu 


Phe 


Pro 


He Gly 


Thr 


Tyr 


Leu 


Asn Tyr 


Glu 


Cys 


Arg 


Pro Gly Tyr 


Ser Gly Arg 


Pro Phe 


Ser 


He 


He 


Cys Leu 


Lys 


Asn 


ser 


Val Trp Thr 


Gly 


Ala 


Lys 


Asp Arg 


cys 


Arg 


Arg 


Lys ser 


cys 


Arg 


Asn 


Pro Pro Asp 


Pro 


Val 


Asn 


Gly Met 


val 


His 


Val 


He L.ys 


Gly 


He 


Gin 


Phe Gly Ser 


Gin 


He 


Lys 


Tyr Ser 


Cys 


Thr 


Lys 


Gly Tyr 


Arg 


Leu 


He 


Gly Ser Ser 


Ser 


Ala 


Thr 


Cys He 


He 


Ser Gly 


Asp Thr 


Val 


He 


Trp 


Asp Asn Glu 


Thr 


Pro 


He 


Cys Asp 


Arg 


He 


Pro 


Cys Gly 


Leu 


Pro 


Pro 


Thr He Thr 


Asn Gly 


Asp 


Phe He 


Ser 


Thr 


Asn 


Arg Glu 


Asn 


Phe 


His 


Tyr Gly Ser 


Val 


Val 


Thr 


Tyr Arg 


Cys 


Asn 


Pro 


Gly Ser 


Gly 


Gly 


Arg 


Lys Val Phe 


Glu 


Leu 


Val 


Gly Glu 


Pro 


Ser 


He 


Tyr Cys 


Thr 


Ser 


Asn 


Asp Asp Gin 


Val 


Gly 


He 


Trp Ser 


Gly 


Pro 


Ala 


Pro Gin 


Cys 


He 


He 


Pro Asn Lys 


Ala 


Ala 


Pro 


Ser Val 


He 


Gly 


Phe 


Arg He 


Leu 


Leu 


Leu 


Lys Val Gly 


Cys 
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SEQ ID No 34 

CGCACCGCAGTGCATCATCCCGAACAAAGCGGCGCCCAGCGTGATTGGCITCCCn'ATTCTGCTGC^ 
GGCGGGCTGCTA 

5 

SEQ ID No 35 

AGCTTAGCy«3CCCGCCACTTTCAGCAGCAGAATACGGAAGCCAATCACGCTGGGCGCCGC^^ 
GATGCACTGCGGTGCGGGCC 





1 f\ 

iU 


SEQ 


ID Ho 36 






















linear, 2 polypeptide chains di sulphide 


linked 












Met 


Gin Cys Asn 


Ala 


Pro 


Glu Trp Leu Pro 


Phe 


Ala 


Arg 


Pro 


Thr Asn 






Leu 


Thr Asp Glu 


Phe 


Glu 


Phe Pro He Gly 


Thr 


Tyr 


Leu 


Asn 


Tyr Glu 






Cys 


Arg Pro Gly 


Tyr 


Ser 


Gly Arg Pro Phe 


Ser 


He 


He 


Cys 


Leu Lys 




15 


Asn 


Ser Val Trp 


Thr 


Gly 


Ala Lys Asp Arg 


Cys 


Arg 


Arg 


Lys 


Ser Cys 






Arg 


Asn Pro Pro 


Asp 


Pro 


Val Asn. Gly Met 


Val 


His 


Val 


He 


Lys Gly 






lie 


Gin Phe Gly 


Ser 


Gin 


He Lys Tyr Ser 


Cys 


Thr 


Lys 


Gly 


Tyr Arg 






Leu 


lie Gly Ser 


Ser 


Ser 


Ala Thr Cys He 


He 


ser 


Gly 


Asp 


Thr Val 






lie Trp Asp Asn 


Glu 


Thr 


Pro He Cys Asp 


Arg 


He 


Pro 


Cys 


Gly Leu 




20 


Pro 


Pro Thr lie 


Thr 


Asn 


Gly Asp Phe He 


ser 


Thr 


Asn 


Arg 


Glu Asn 






Phe 


His Tyr Gly 


Ser 


Val 


Val Thr Tyr Arg 


Cys 


Asn 


Pro 


Gly 


Ser Gly 






Gly 


Arg Lys val 


Phe 


Glu 


Leu Val Gly Glu 


Pro 


ser 


He 


Tyr 


cys Thr 






Ser 


Asn Asp Asp 


Gin 


Val 


Gly He Trp Ser 


Gly 


Pro 


Ala 


Pro 


Gin Cys 






lie 


He Pro Asn 


Lys 


Ala 


Ala Pro Ser Val 


He 


Gly 


Phe 


Arg 


He Leu 



25 <- 



Leu Leu Lys Val Gly Cys S-S-(Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys Lys-Lys- 
Ser-Pro-Ser-Lys-Ser-Ser-Gly) -NH- (Myristoyl > 
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INFORMATIONTDR SEQ id N0:37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 77 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val- 

Asn-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val- 

Tyr-Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr- 

Arg-Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys- 

Asn-Phe-Asn-Glu-Gln-Leu-Glu-Asn 

INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 
N-(myristoyl) - Gly-Ser-Ser-Lys-Ser-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-Pro-Gly- 
Asp-Cys-(2-thiopyridyl)-NH2 

INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(v) FRAGM^^ TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 
Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val-Ala 
-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val-Tyr- 
Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr-Arg- 
Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys-Asn 



INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 82 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 
Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val- 
Asn-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val- 
Tyr-Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr- 
Arg-Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys- 
Asn-Phe-Asn-Glu-Gln-Leu-Glu-Asn-Gly-Gly-Thr-Ser-Cys 



INFORMATION FOR SEQ ID NO:41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 83 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41: 



Met-Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala- 
Val-Asn-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln- 
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Val-Tyr-Asn-Lys^ys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe->vsn-Asp-Val-Thr- 
Thr-Arg-Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu- 
Cys-Asn-Phe-Asn-Glu-Gln-Leu-Glu-Asn-Gly-Gly-Thr-Ser-Cys 



INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 71 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val-Ala- 
Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val-Tyr- 
Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr-Arg- 
Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys-Asn- 
Cys 

INFORMATION FOR SEQ ED NO:43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear, two polypeptide chains disulphide linked 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 
Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val- 
Asn-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val- 
Tyr-Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr- 
Arg-Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys- 
Asn-Phe-Asn-Glu-Gln-Leu-Glu-Asn-Gly-Gly-Thr-Ser-Cys-(S-S)-'"(Cys-Asp-Gly- 
Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Gly)-NH-(Myristoyl) 
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INFORMATION FOR SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 100 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear, 2 polypeptide chains disulphide linked 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 
Met-Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala- 
Val-Asn-Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln- 
Val-Tyr-Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr- 
Thr-Arg-Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu- 
Cys-Asn-Phe-Asn-Glu-Gln-Leu-Glu-Asn-Gly-Gly-Thr-Ser-Cys-(S-S)-*-(Cys- 
Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Gly)-NH- 
(Myristoyl) 



INFORMATION FOR SEQ ID NO:45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear, 2 polypeptides, disulphide linked 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 
Leu-Gln-Cys-Tyr-Asn-Cys-Pro-Asn-Pro-Thr-Ala-Asp-Cys-Lys-Thr-Ala-Val-Ala- 
Cys-Ser-Ser-Asp-Phe-Asp-Ala-Cys-Leu-Ile-Thr-Lys-Ala-Gly-Leu-Gln-Val-Tyr- 
Asn-Lys-Cys-Trp-Lys-Phe-Glu-His-Cys-Asn-Phe-Asn-Asp-Val-Thr-Thr-Arg- 
Leu-Arg-Glu-Asn-Glu-Leu-Thr-Tyr-Tyr-Cys-Cys-Lys-Lys-Asp-Leu-Cys-Asn- 
Cys-(S-S)-^(Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser- 
Ser-Gly ) - NH-(Myristoyl) 
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INFORMATIOnTDR SEQ id N0:46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 1 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46 
Met-Gly-Ser-Ser-His-His-His-His-His-His-Ser-Ser-Gly-Leu-Val-Pro-Arg-GIy- 
Ser-His-Met-Ser-Cys-Glu-Val-Pro-Thr-Arg-Leu-Asn-Ser-Ala-Ser-Leu-Lys-Gln- 
Pro-Tyr-Ile-Thr-Gln-Asn-Tyr-Phe-Pro-Val-Gly-Thr-Val-Val-Glu-Tyr-Glu-Cys- 
Arg-Pro-Gly-Tyr-Arg-Arg-Glu-Pro-Ser-Leu-Ser-Pro-Lys-Leu-Thr-Cys-Leu-Gln- 
Asn-Leu-Lys-Trp-Ser-Thr-Ala-Val-Glu-Phe-Cys-Lys-Lys-Lys-Ser-Cys-Pro-Asn- 
Pro-Gly-Glu-Ile-Arg-Asn-Gly-Gln-Ile-Asp-Val-Pro-Gly-Gly-Ile-Leu-Phe-Gly- 
Ala-Thr-Ile-Ser-Phe-Ser-Cys-Asn-Thr-Gly-Tyr-Lys-Leu-Phe-Gly-Ser-Thr-Ser- 
Ser-Phe-Cys-Leu-Ile-Ser-Gly-Ser-Ser-Val-Gln-Trp-Ser-Asp-Pro-Leu-Pro-Glu- 
Cys-Arg-Glu-Ile-Tyr-Cys-Pro-Ala-Pro-Pro-Gln-Ile-Asp-Asn-Gly-Ile-Ile-Gln-Gly- 
Glu-Arg-Asp-His-Tyr-Gly-Tyr-Arg-Gln-Ser-Val-Thr-Tyr-Ala-Cys-Asn-Lys-Gly- 
Phe-Thr-Met-Ile-Gly-Glu-His-Ser-Ile-Tyr-Cys-Thr-Val-Asn-Asn-Asp-Glu-Gly- 
Glu-Trp-Ser-Gly-Pro-Pro-Pro-Glu-Cys-Arg-Gly-Cys 

INFORMATION FOR SEQ ID NO:47: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 274 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47 
Met-Gly-Ser-Ser-His-His-His-His-His-His-Ser-Ser-Gly-Leu-Val-Pro-Arg-Gly- 
Ser-His-Met-Gln-Asp-Cys-Gly-Leu-Pro-Pro-Asp-Val-Pro-Asn-AIa-Gln-Pro-Ala- 
Leu-Glu-Gly-Arg-Thr-Ser-Phe-Pro-Glu-Asp-Thr-Val-Ile-Thr-Tyr-Lys-Cys-Glu- 
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Glu-Ser-Phe-Vanys-Ile-Pro-Gly-Glu-Lys-Asp-Ser-Val-Ile-Cys-Leu-Lys-Gly- 
Ser-Gln-Trp-Ser-Asp-Ile-Glu-Glu-Phe-Cys-Asn-Arg-Ser-Cys-Glu-Val-Pro-Thr- 
Arg-Leu-Asn-Ser-Ala-Ser-Leu-Lys-Gln-Pro-Tyr-Ile-Thr-Gln-Asn-Tyr-Phe-Pro- 
Val-Gly-Thr-Val-Val-Glu-Tyr-Glu-Cys-Arg-Pro-Gly-Tyr-Arg-Arg-Glu-Pro-Ser- 
Leu-Ser-Pro-Lys-Leu-Thr-Cys-Leu-Gln-Asn-Leu-Lys-Trp-Ser-Thr-Ala-Val-Glu- 
Phe-Cys-Lys-Lys-Lys-Ser-Cys-Pro-Asn-Pro-Gly-Glu-Ile-Arg-Asn-Gly-Gln-Ile- 
Asp-Val-Pro-Gly-Gly-Ile-Leu-Phe-Gly-Ala-Thr-Ile-Ser-Phe-Ser-Cys-Asn-Thr- 
Gly-Tyr-Lys-Leu-Phe-Gly-Ser-Thr-Ser-Ser-Phe-Cys-Leu-Ile-Ser-Gly-Ser-Ser- 
Val-Gln-Trp-Ser-Asp-Pro-Leu-Pro-Glu-Cys-Arg-Glu-Ile-Tyr-Cys-Pro-Ala-Pro- 
Pro-Gln-Ile-Asp-Asn-Gly-Ile-Ile-Gln-Gly-Glu-Arg-Asp-His-Tyr-Gly-Tyr-Arg- 
Gln-Ser-Val-Thr-Tyr-Ala-Cys-Asn-Lys-Gly-Phe-Thr-Met-Ile-Gly-Glu-His-Ser- 
Ile-Tyr-Cys-Thr-Val-Asn-Asn-Asp-Glu-Gly-Glu-Trp-Ser-Gly-Pro-Pro-Pro-Glu- 
Cys-Arg-Gly-Cys 



INFORMATION FOR SEQ ID NO:48: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 291 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear, 2 polypeptide chains, disulphide linked 
(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:48 
Met-Gly-Ser-Ser-His-His-His-His-His-His-Ser-Ser-Gly-Leu-Val-Pro-Arg-Gly- 
Ser-His-Met-Gln-Asp-Cys-Gly-Leu-Pro-Pro-Asp-Val-Pro-Asn-Ala-Gln-Pro-Ala- 
Leu-Glu-Gly-Arg-Thr-Ser-Phe-Pro-Glu-Asp-Thr-Val-Ile-Thr-Tyr-Lys-Cys-Glu- 
Glu-Ser-Phe-Val-Lys-Ile-Pro-Gly-Glu-Lys-Asp-Ser-Val-Ile-Cys-Leu-Lys-Gly- 
Ser-Gln-Trp-Ser-Asp-Ile-Glu-Glu-Phe-Cys-Asn-Arg-Ser-Cys-Glu-Val-Pro-Thr- 
Arg-Leu-Asn-Ser-Ala-Ser-Leu-Lys-Gln-Pro-Tyr-Ile-Thr-Gln-Asn-Tyr-Phe-Pro- 
Val-Gly-Thr-Val-Val-Glu-Tyr-Glu-Cys-Arg-Pro-Gly-Tyr-Arg-Arg-Glu-Pro-Ser- 
Leu-Ser-Pro-Lys-Leu-Thr-Cys-Leu-Gln-Asn-Leu-Lys-Trp-Ser-Thr-Ala-Val-Glu- 
Phe-Cys-Lys-Lys-Lys-Ser-Cys-Pro-Asn-Pro-Gly-Glu-Ile-Arg-Asn-Gly-GIn-Ile- 
Asp-Val-Pro-Gly-Gly-Ile-Leu-Phe-Gly-Ala-Thr-Ile-Ser-Phe-Ser-Cys-Asn-Thr- 
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Gly-Tyr-Lys-Leu^e-Gly-Ser-Thr-Ser-Ser-Phe-Cys-Leu-li^Ser-Gly-Ser-Ser- 

Val-Gln-Trp-Ser-Asp-Pro-Leu-Pro-Glu-Cys-Arg-Glu-Ile-Tyr-Cys-Pro-Ala-Pro- 

Pro-Gln-Ile-Asp-Asn-Gly-Ile-Ile-Gln-Gly-Glu-Arg-Asp-His-Tyr-Gly-Tyr-Arg- 

Gln-Ser-Val-Thr-Tyr-Ala-Cys-Asn-Lys-Gly-Phe-Thr-Met-Ile-Gly-Glu-His-Ser- 

Ile-Tyr-Cys-Thr-Val-Asn-Asn-Asp-Glu-Gly-Glu-Trp-Ser-Gly-Pro-Pro-Pro-Glu- 

Cys-Arg-Gly-Cys-(S-S)-^(Cys-Asp-Gly-Pro-Lys-Lys-Lys-Lys-Lys-Lys-Ser-Pro- 

Ser-Lys-Ser-Ser-Gly) -NH-(Myristoyl) 



INPORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 228 amino acids 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear, 2 polypeptides, disulphide linked 

(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49 
Met-Gly-Ser-Ser-His-His-His-His-His-His-Ser-Ser-Gly-Leu-Val-Pro-Arg-Gly- 
Ser-His-Met-Ser-Cys-Glu-Val-Pro-Thr-Arg-Leu-Asn-Ser-Ala-Ser-Leu-Lys-Gln- 
Pro-Tyr-Ile-Thr-Gln-Asn-Tyr-Phe-Pro-Val-Gly-Thr-Val-Val-Glu-Tyr-Glu-Cys- 
Arg-Pro-Gly-Tyr-Arg-Arg-Glu-Pro-Ser-Leu-Ser-Pro-Lys-Leu-Thr-Cys-Leu-Gln- 
Asn-Leu-Lys-Trp-Ser-Thr-Ala-Val-Glu-Phe-Cys-Lys-Lys-Lys-Ser-Cys-Pro-Asn- 
Pro-Gly-Glu-Ile-Arg-Asn-Gly-Gln-Ile-Asp-Val-Pro-Gly-Gly-Ile-Leu-Phe-Gly- 
Ala-Thr-Ile-Ser-Phe-Ser-Cys-Asn-Thr-Gly-Tyr-Lys-Leu-Phe-Gly-Ser-Thr-Ser- 
Ser-Phe-Cys-Leu-Ile-Ser-Gly-Ser-Ser-Val-Gln-Trp-Ser-Asp-Pro-Leu-Pro-Glu- 
Cys-Arg-Glu-Ile-Tyr-Cys-Pro-Ala-Pro-Pro-Gln-Ile-Asp-Asn-Gly-Ile-Ile-Gln-Gly- 
Glu-Arg-Asp-His-Tyr-Gly-Tyr-Arg-Gln-Ser-Val-Thr-Tyr-Ala-Cys-Asn-Lys-Gly- 
Phe-Thr-Met-Ile-Gly-Glu-His-Ser-Ile-Tyr-Cys-Thr-Val-Asn-Asn-Asp-Glu-Gly- 
Glu-Trp-Ser-Gly-Pro-Pro-Pro-Glu-Cys-Arg-Gly-Cys-^(Cys-Asp-Gly-Pro-Lys- 
Lys-Lys-Lys-Lys-Lys-Ser-Pro-Ser-Lys-Ser-Ser-Gly)-NH-(Myristoyl) 



-92- 



